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S E C T I O N  I 
INTRODUCTION 
This   document   summar izes   work   per formed  by   the   Hughes   Ai r -  
c r a f t   Company ,   Resea rch   Labora to r i e s   and   E lec t ron   Dev ices   D iv i s ions ,  
for   the  Nat ional   Aeronaut ics   and  Space  Adminis t ra t ion  under   Contract  
NAS 12-579, "Research  Direc ted  Toward  Per fec t ing  a Des ign  for  a 
Space-Qual i f ied Laser .  ' I  I t  is  intended to  cover ,  in  out l ine form,  the 
per t inent   data   presented  verbal ly   by  Hughes  personnel   to   NASA/ERC 
personnel  a t  Cambridge,  Massachuset ts ,  on 1 F e b r u a r y  1968. 
The  objectives of th i s   p rogram a r e  best   se t   for th   in   the  Statement  
of Work:  
"The Contractor  shal l  supply the necessary personnel ,  faci l i t ies ,  
s e rv i ces ,   and   ma te r i a l s   t o   accompl i shed   t he   work   a s   s e t   fo r th   be low:  
ITEM 1 :  P e r f e c t  a design for  a space-qual i f ied  laser  in a c c o r d -  
ance with the general  specifications outlined in Exhibit  A, attached 
he re to  and  made  a par t  hereof .  This  shal l  include,  but  is not 
limited to, the following: 
a .   Calculat ions of the  interaction of a l l   c r i t i c a l   p a r a m e t e r s .  
b .   Laboratory  experiments   intended  to  support   calculat ions 
of c r i t i c a l   p a r a m e t e r s .  
C .  L i t e r a tu re   r ev iew.  
d .  Investigation of the   s ta te -of - the   a r t  in c o m m e r c i a l   a s e r s ,  
including  foreign  ones. 
e .  Visi ts  t o  N A S A  cen te r s   fo r   e luc ida t ion  of t he   spacec ra f t  
configurations and environmental  conditions,  
f .  V i s i t s   t o   un ive r s i t i e s  o r  non-NASA  government  laboratories 
for   information  exchange  purposes .  
ITEM 2:  Upon completion of I t e m  1 an  o ra l  p re sen ta t ion  and  r e -  
view will  be held at  NASAIERC, Cambridge, Massachusetts.  
F o u r  (4) copies of a l l   per t inent   data   shal l  be made   ava i lab le   to  
the contract  monitor  one week before  said review.  This  shal l  
include a s e t  of design  specif icat ion  requirements   which  meet   a l l  
the   performance  environment   needs,   and a l i s t  of m a t e r i a l s .  
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Monthly  Technical   Reports  a r e  r equ i r ed   and   sha l l   be   p repa red  in 
accordance   wi th   Cont rac tor   Repor t   Exhib i t ,   da ted   January   13 ,   1967 , 
a t t ached  he re to  and  made  a p a r t  of th i s  cont rac t .  Quar te r ly  Technica l ,  
In t e r im   Sc ien t i f i c   and   F ina l   Techn ica l   Repor t s   a r e   no t   r equ i r ed .  
The   gene ra l   spec i f i ca t ions   a s   s e t   fo r th  in Exhibit A a r e  quoted 
f rom  the   cont rac t :  
"GENERAL  SPECIFICATIONS  FOR  SPACE  -QUALIFIED  LASER 
1 .  To   pera te   a t  63288  wi th   He-Ne.  
2 .  To   ope ra t e  in a s ing le   t r ansve r se   mode ,   (TEM -. 
TEMooq+j).  
ooq 
3 .  To  opera te   a t   an   in i t ia l   ou tput   power   l eve l   no t   l ess   than  
five (5) mil l iwat ts ,  CW. 
4 .  To  demonst ra te   the   capabi l i ty  of an  operat ing/shelf   l i fe  
of t h r e e  ( 3 )  years ,  the  operat ing  port ion of which  shal l  
be not less than 10, 000 hours .  The output  power shal l  
not  drop  below 3 m W  at   7000  hours   opera t ing   t ime  and  
2 mW  a t   10 ,  000 hour s   ope ra t ing   t ime .  
5. To   opera te   wi th  a po lar ized   ou tput ,   l inear   to   one   par t  in 
1000. 
6. To  opera te   wi th  a beam  d iameter   no t   g rea te r   than   two (2) 
m i l l i m e t e r s .  
7 .   To   opera te   wi th  a beam  d ivergence   cons is ten t   wi th   the  
d i f f rac t ion  l imi t  for  the  se lec ted  beam diameter .  The  
beam  i s  t o  be round. 
8.  To operate  with no detectable  las ing at  the 3 .  39p o r  1 .  15p 
wavelengths.  
9 .  To  operate  without  l iquid  cooling. 
10.   To  perate   within a l ight- t ight   enclosure 
1 1  To operate  without  any  significant  magnetic  f ield  leakage. 
12 .   To   opera te   normal ly  in space   vacuum  envi ronments   a f te r  
rocket  launch. 
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13 .   To   ope ra t e   w i th  a minimum  angular   deviat ion of t he   beam 
a x i s  a s  a function of t e m p e r a t u r e ,  time, vehicle spin,  
laser age,  magnetic field,  etc.  Quantitative definit ion of 
t h i s   p a r a m e t e r   w i l l  be m a d e   l a t e r   b e f o r e   P h a s e  I1 work 
begins.  
14 T o   o p e r a t e   w i t h  a min imum of d i scha rge   and   mode   no i se  
in the output radiation. The final specification of th i s  
pa rame te r   w i l l   be   made   cons i s t en t   w i th   t he   s t a t e -o f - the -  
a r t   a t   d e s i g n   f r e e z e .  
15.   To  operate   with a power  supply  and  control   package  de-  
veloped on th i s   con t r ac t   a long   w i th   t he   l a se r   head   and  
meet ing ident ical  environmental  specif icat ions.  Miqimum 
control functions would be: (a) turn on suppl ies ,  (b)  s ta r t  
d i scharge ,  and  (c )  power  check  te lemet ry .  
16.   The  mounting  design  shal l   be   as   near ly   universal   as   pos-  
s ible ,  consis tent  with meet ing al l  other  object ives .  The 
des ign   sha l l   permi t   beam  ax is   a l ignment   wi th   assoc ia ted  
appa ra tus  in the   s a t e l l i t e   a s sembly   phase .  
17 .   The   weight ,   s ize ,   and   power   demand  sha l l   be   as   low  as  
possible   consis tent   with  meet ing  a l l   o ther   object ives .  
18.   The  topics  of resonator   configurat ion,   type of d i scha rge ,  
type of cathodes (if used) ,   method  for   main ta in ing   mir ror  
alignment,  need for magnetic shielding, dust  protection, 
hea t  r emova l ,  e t c .  a r e  to  be  de t e rmined  in  Phase  I of 
t h i s  con t r ac t .  
1 9 .  P a r t i c u l a r   l a s e r s  of this   design  may  be  converted  to   emit  
a t  1 ,  15  or 3.  39 pwavelengths.  Minor consideration 
should   be   g iven   to   th i s   des i red   capabi l i ty .  
20 .  The   ma te r i a l s   u sed   mus t   be   compa t ib l e   w i th   gene ra l ly  
accep ted   space   p rac t i ce .  " 
The Statement  of  Work,  as given above, has been fulfi l led.  The 
design of a Space  Qualified Laser (SQL) requi red   under   I tem I is  p r e -  
sen ted   in   de ta i l   in   Sec t ion  I1 of th i s   documen t .   The   r e su l t s  of our   work  
on  subtasks  a through f under  Item I are detai led in  Sect ion 111, along 
wi th   the   resu l t s  of addi t ional   subtasks  undertaken at the   con t r ac to r ' s  
option. 
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S E C T I O N   I 1  
SPACE-QUALIFIED LASER DESIGN 
In  this  section  we  present  the  details  of the laser des ign   de-  
veloped under  the present  contract .  The f inal  design vers ion,  now 
designated Hughes type 3072H, is substant ia l ly  the same as tha t   de-  
scribed in our proposal dated May 1967. During the present contract  
we have  confirmed by exper iment   those   des ign   fea tures   which   repre-  
s en tednewdepar tu re s   i n l a se r   cons t ruc t ion :  all me ta l - ce ramic   t ube  
envelope;   high-temperature   window  seals ;   h igh  eff ic iency,  all solid- 
s ta te ,  regulated power supply.  During the program we a lso  conf i rmed 
our  va lues  for  the  bas ic  parameters  of the laser  design:  length,  bore 
diameter ,  and cold-cathode operat ion.  We have the highest confidence 
tha t   l asers   fabr ica ted   accord ing   to   the   des ign   presented   wi l l   meet   o r  
s u r p a s s  all of the  requirements  given  in  "Exhibit  A" (quoted  in  SectionI), 
as well as those  additional  specifications  which  will  be  imposed by the 
par t icu lar   miss ion   requi rements .  
The  outstanding  features of our   des ign   a re   summar ized   be low.  
Rugged all metal-ceramic construction, allowing high 
temperature   bakeout   and  precis ion  manufacture  
Long-life cold-cathode discharge,  permitt ing highest  op- 
erating  efficiency  and  minimum  heat  generation  within  the 
opt ical  cavi ty  support  s t ructure  
In te rna l  mir rors ,  reducing  opt ica l  cav i ty  losses  and  
s implifying  the  dust-seal ing  requirements   while   re ta in-  
ing a polarized  output 
Optimized opt ical  cavi ty  support  s t ructure ,  using ma- 
ter ia ls   and  geometry  to   minimize  the  effects  of t h e r m a l  
gradients ,  vibrat ion,  and external  mechanical  s t resses  
Integrated  tube  and  power  supply  package  with a helium 
a tmosphere ,  min imiz ing  a l t i tude- induced  s t resses  on  the  
opt ical  cavi ty  support  s t ructure ,  promoting component  
cool ing,  and minimizing corona problems 
A l l  sol id-s ta te   dual   power  supply  with  precis ion  current  
regulat ion  and  space-proven  c i rcui t ry .  
The  over-al l   weight  of the  proposed  unit is approximately  11.6 
lb, and the total power consumption is approximately 30 W f rom  the  
28 V dc  l ine.  
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A. METAL-CERAMIC TUBE 
The   r easons   fo r   ou r   cho ice  of a m e t a l - c e r a m i c   l a s e r   t u b e   e n -  
ve lope  were  d iscussed  in  de ta i l  in  our  proposa l .  The  choice  was  based  
on y e a r s  of exper ience   in   deve loping   bo th   g lass   and   meta l -ceramic  
microwave  tubes  and ,  more  recent ly ,  glass, fused  s i l ica ,  and  meta l -  
c e r a m i c  l a s e r s .  A l l  our  exper ience  ind ica tes  the  u l t imate  super ior i ty  
of meta l -ceramic  cons t ruc t ion ,  par t icu lar ly  for  appl ica t ions  requi r ing  
operat ion in  unfavorable  environments .  A pro to type  meta l -ceramic  
laser   was   fabr ica ted   dur ing   the   p resent   p rogram  wi th   no   unexpec ted  
d i f f icu l t ies ,  thus  conf i rming  the  cor rec tness  of our  choice .  A photo- 
g raph  of this  tube is shown  in F ig .  11- 1.  
F i g u r e  11-2 shows  the  construct ion  detai ls  of t he   me ta l - ce ramic  
pro to type  fabr ica ted  under  the  present  program.  The  proposed  des ign  
is   ident ical   to   that   shown  in   the  f igure,   except   that   the   over-al l   d imen-  
s ion is shor tened  to  14 .  75 in .  ( the metal  and ceramic par ts  and sub-  
assembl ies   were   o rdered   for   the   p ro to type   before   the   f ina l   d imens ions  
were  f ixed) .  F igure  11-2 shows both the metal-ceramic discharge tube 
and  the  opt ica l  cav i ty  suppor t  and  ad jus tment  s t ruc ture .  The  i tems  
cal led  out   in   the  f igure  are   named  in   Table  11-1 and   a r e   desc r ibed   i n  
fur ther   detai l   below.  
High purity A1203 is used  for  the  ceramic  bore  0. The ac t ive  
bore   d imens ions   for   the   p ro to type   tube   a re  14 in .  by 2. 5 m m  i .  d .  ; for  
the proposed tube these wil l  become 10 in. by 1. 5 m m .  T h e  b o r e  i s  
metal l ized  and  sealed  to   the  internal   bore   support .  0 and  the  end  bore 
suppor ts  @ and @ . The cant i lever  bore sect ion shown in the f igure 
w i l l  be reduced by 30% in the proposed design, materially increasing 
the resonant  f requency of th i s  sec t ion .  Vibra t ion  tes t s  ( see  Sec t ion  
111-F) pe r fo rmed  on g lass   tubes   wi th   even   la rger   can t i lever   sec t ions  
have  indicated  that   this  is   not a p r o b l e m   a r e a .  
The cathode support  cyl inders  @ with end 0 and @ f o r m  a 
gas   reservoi r   wi th   approximate ly  600 cm3  volume  in   the  present .   design,  
and 400 cm3   in   t he   p roposed   des ign .   The   r e su l t s  of our  l i fe  tes t s  to  
date   indicate   this   wil l   be   more  than  suff ic ient   for   10,  000 hour s   ope r -  
a t ing l i fe .  The cathode consis ts  of a p rocessed  tantalum1 cylinder @ 
with end caps @ slipped inside the vacuum envelope @ . Life  tes t  
da ta   (d i scussed   in   Sec t ion  111-F) indicate  that   this  cathode  type  will  
a lso be sui table  for  10 ,000  hours  operat ion.  
The   anodes  of t h i s   dua l   d i scha rge   des ign   a r e   fo rmed  by the 
metal  bel lows @ on each end of the  d ischarge  tube .  Each  be l lows  i s  
b razed  to  an  adap te r  r i ng  0 which  i s ,  in  tu rn ,  he l ia rced  to  the  f lange  
@ brazed  to  the  meta l l ized  ceramic  bore .  The  vacuum envelope  i s  
completed by the  pr i sm holder  @ and  mi r ro r  ho lde r  @J ( see  View A 
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F i g .  11- 1 .  P h o t o g r a p h  of c o m p l e t e d  m e t a l - c e r a m i c  t u b e  
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Fig.  11-2. Metal-ceramic tube cross  sect ional  view.  
TABLE 11-1 
Legend  for   Figure 11-2 
1 Ceramic   Bore  
2 In te rna l   Bore   Suppor t  
3 Pumpout   Bore   Suppor t  
4 Heliarc   Flange  Adapter  
5 Pumpout 
6 Cathode  End  Cap 
7  Cavity  Support   Cylinder 
9 Get te r   Feedthrough 
10 Get te r   Bore   Suppor t  
11 Bellows  Adapter 
8  Cathode  Vacuum  Jacket 
12 Bellows 
13 Prism Clamp 
14 Prism Holder 
15 Mi r ro r   Ho lde r  
16 Adjust ing  Mirror   Support  
17 Retainer  Ring 
18  Insulator 
19 Mi r ro r   Suppor t  
20 Coarse  Adjustment  
21 Differen t ia l   Screw 
22 Locking  Screw 
23 Processed   Tanta lum  Cathode  
24 Tipoff 
fo r  @). The coa ted  Brewster ' s  angle  half  pr ism used for  the high 
re f lec tance   mir ror   p rovides   the   po lar iza t ion   re ference   for   the   beam.  
T h i s   p r i s m  is he ld   mechanica l ly   in   par t  @ and  does  not  form a por -  
tion of the vacuum envelope.  The output  mirror  a t tached to  par t  @ 
f o r m s   p a r t  of the vacuum envelope. The technique for making these 
me ta l - to -me ta l   he l i a r c   s ea l ed   mi r ro r s   was   worked   ou t   du r ing   t he  
p re sen t   p rog ram  and  is descr ibed   in   de ta i l   in   Sec t ion  III-G. 
Electr ical   connect ion  to   the  get ter  is made  through a c e r a m i c  
feedthrough insulator @. This connection is used only during init ial  
tube processing.  An al ternate  s tacked ceramic disc  seal  was indicated 
in   our   proposal ,   but   the   feedthrough  shown  in  @ is s impler   and   has  
proven   qu i te   re l iab le   on   o ther   meta l -ceramic   microwave   tubes   and   in  
the Hughes EDD appendage ion vacuum pumps. The vacuum tipoff @ 
is made  by  pinching  the  copper  vacuum  pumpout @ in  the  usual  vacuum 
tube fashion. 
The  vacuum  envelope @ is held  rigidly  to  the  optical  cavity 
support   cylinder @ with a l a y e r  of pott ing  compound  suitable  for  use 
in  spacecraf t .  The  mir rors  a re  he ld  r ig id ly  wi th  respec t  to  the  outer  
cylinder  by  adjustable  mounts  (see  View A, F ig .  11-2). T h e  m i r r o r  
holder @ o r  @ is held in a re ta iner  r ing  @ via  insu la tors  @ , 
necessary  to   a l low  the  opt ical   support   s t ructure   to   remain at ground 
(cathode)   potent ia l   whi le   the  mirror   holder   f loats  at anode  potential. 
The  r e t a ine r  0 is posi t ioned with respect  to  the support  s t ructure  
end plate @I by locking different ia l  screw mechanisms @ , @ , and 
used   successfu l ly   in   our   a i rborne   a rgon   ion   l aser ,   and   o ther   Hughes  
mili tary  optical   equipment.  
@ . These   s c rew 'mechan i sms   a r e   adap ta t ions  of the design now being 
Many  considerat ions  enter   into  the  real izat ion of a successful  
laser  des ign .  The  tube  des ign  shown in  F ig .  11-2 is a consequence of 
severa l  choices  among a l te rna t ive  approaches .  Deta i led  d iscuss ions  
of the engineering  considerations  involved  in  the  choice of envelope 
ma te r i a l s ,  mi r ro r  geomet ry ,  ca thode  type ,  e t c .  , were given in  our  
or iginal  proposal .  The conclusions reached in  those discussions have 
been  fur ther   borne  out   by  our   work  during  the  present   Phase I p r o g r a m .  
The   a rguments   for   the   c r i t i ca l   des ign   choices   made   in   a r r iv ing  at the 
present   proposed  design  are   reviewed  only  br ief ly   here .  
1.  Choice of a Cold  Cathode 
The  cold  cathode  design  proposed  originally  and  also  incorpo- 
ra ted  in   the  present   design  has   evolved  f rom  many  experiments   per-  
fo rmed  at Hughes. Although early cold-cathode tubes proved to have 
s h o r t  life compared  with  s imple  hot-cathode  vers ions,   the   pioneering 
work  of Hochuli and Haldemann (Ref. 11-1) with aluminum oxide films 
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suggested  that   pract ical   cold-cathodes  could  be  made.  We made   some 
early experiments with oxidized aluminum, following Hochuli ,  but 
abandoned  this  approach  because of the  relatively  poor  quali t ies of 
a luminum as a clean,   bakable   vacuum  tube material. A bet ter   cathode 
mater ia l   was  then  developed  in   the  form of an  oxidized  tantalum  sur-  
face,  buil t  as a hol low structure .  The layer  of Ta2O5 formed by 
proper   p rocess ing   should ,   in   theory ,   have   even   h igher   sput te r ing   re -  
s is tance  than  kl2O3,   because of the   h igher   hea t   subl imat ion  of Ta2O5 
(al though  nei ther   ra te   has   been  actual ly   measured  because of the  ex- 
t remely  low  yield  for   both  mater ia ls) .  
The   theory  of cold-cathode  emission  through  insulat ing  layers  
and  the  appropriate  cathode  configuration  was  covered  briefly  in  our 
proposal.  Thin oxide films, although insulators,  can be made to  
supply  low  emission  densi t ies   by  tunnel ing,   in   which  the  e lectron  pene-  
t ra tes  the insulat ing surface quantum mechanical ly .  The emission 
densi ty   must   be  kept   low SO that   the  electric  f ield  causing  the  tunneling 
is not  sufficiently  high  to  punch  through  the  film.  The  exact  hollow 
cathode  configurat ion  used  is   a lso of g rea t   impor t ance .  A design  with 
an  object ive  l i fe  of > l o ,  000 hours   must   have  very  uniform,   low  emis-  
sion  density;  a local ized  high-emission  region  could  produce  orders  of 
magni tude  more  sput ter ing  than  neighboring  low  emission  regions.  
The  uniformity of emis s ion  is controlled by  the  electrode  and  plasma 
configuration. The design proposed for the 3072H space-qualified laser 
is essent ia l ly  a doubled  vers ion of that   used  in  the  3082H  alignment 
laser tube made by Hughes for Keuffel  and Esser Go. Life  tes ts  on 
the  3082H  tubes  have  gone  over  7000  hours  to  date  with  unchanged  dis- 
c h a r g e   o r   l a s e r   c h a r a c t e r i s t i c s .   T h e   d e t a i l s  of these l i fe  tes t  cathode 
s tudies  on the  3072H  type  cathodes  are   given  in   Sect ion 111-F. We a r e  
confident  that   the  cathode  design  proposed  herein is sui table   for  a 
10,000  hour  tube  l ife.  
2.  Choice of a Dual   Bore   Des ign  
The  proposed  design  ut i l izes  a spl i t   d ischarge  column  employ-  
ing two anodes and a common cathode. This choice was made not only 
to   reduce  the  discharge  vol tage  by a factor  of two but  also  to  provide 
operating redundancy. Either half of the  tube  may  be  operated  inde-  
pendent ly  provided separate  power suppl ies  are  used.  This  a l lows the 
laser   to   be  operated  with  approximately 3570 of full   power i f  des i red .  
It a lso  offers   operat ion at 35%  output i f  one  power  supply  section  should 
fail. In   t h i s   des ign   t he   mi r ro r   su r f aces   a r e   f a r   r emoved   f rom  the  
cathode  region  where  sput ter ing (if any) occurs,  thus affording maxi- 
mum  protect ion  to   the  opt ical   surfaces .  
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3.  Choice of I n t e r n a l   M i r r o r s  
The   va r ious   f ac to r s   en t e r ing   i n to   t he   cho ice  of m i r r o r   c o a t i n g s  
and  cavi ty   configurat ion  were  discussed  in   our   or iginal   proposal .   The 
dec i s ion   t o   u se   "ha rd"   coa ted   mi r ro r s   i n   an   i n t e rna l   mi r ro r   con f igu ra -  
tion,  with a coa ted   Brews te r ' s   ang le   ha l f -p r i sm  to   p rov ide   po la r i za t ion ,  
was borne out  by our  subsequent  experimen' ts ,  d iscussed in  Sect ion 
111-G. We found tha t  "hard ,"  u l t rav io le t - res i s tan t  coa t ings  a re  ava i l -  
ab l e   w i th   l o s ses   equa l   t o   o r   sma l l e r   t han   t he   bes t   commerc ia l   so f t   coa t -  
ings  (Spec t ra -Phys ics ) .  We also found that a s igni f icant  increase  in  
power  could  be  obtained  by  eliminating  the  Brewster 's   angle  windows. 
A sealing  technique  was  developed  which  will   al low  the  fabrication of a 
bakable   in te rna l   mir ror   tube   (a l though  wi th   fur ther   deve lopment   th i s  
same  sea l ing   technique   could   a l so   be   appl ied   to   Brewster ' s   angle   win-  
dows) .  The s implici ty  and compactness  of t he   i n t e rna l   mi r ro r   des ign  
is a l so   supe r io r   t o   an   ex te rna l   mi r ro r   a r r angemen t   w i th   s epa ra t e   he r -  
met ical ly  sealed compartments  between the windows and mirrors .  We 
feel   confident   that   th is   mirror   configurat ion  wil l   resul t   in   the  most  
prac t ica l   tube   for   space   use .  
B. OPTICAL CAVITY SUPPORT  STRUCTURE DESIGN 
The   op t ica l   cav i ty   suppor t   s t ruc ture   was   shown  in   c ross   sec t ion  
in   F ig .  11-2 as a s imple   tubular   member   connec t ing   the   mir ror   ad jus t -  
ment   mechanisms  on  e i ther   end.  In our   proposed  design  we  intend  to  
make   t h i s   t ubu la r   member  as a composi te   s t ruc ture   cons is t ing  of an  
inner   and   ou ter   tube   spaced   apar t   by   r ibs   o r   pos ts ,   as   shown  in   F ig .  
11-3. The reduct ion of ex te rna l ly  gene ra t ed  az imutha l  t empera tu re  
g rad ien t s   a round   t he   i nne r   t ubu la r   member   ( t o   wh ich   t he   end   mi r ro r  
re ta in ing   assembl ies   a re   a t tached)   should   g rea t ly   reduce   the   misa l ign-  
ment due to bending. We may think of the outer  tube as "shorting out" 
the  external ly   dr iven  thermal   gradients   induced,   for   example,   byasym- 
metry in  the mounting bracket ,  as  shown in Fig.  11-3. 
We have  chosen  beryl l ium as the   mater ia l   for   the   cav i ty   suppor t  
s t ructure .  While  one might  think that  a lower-expans ion   mater ia l   such  
as fused  s i l ica   would  be  superior ,  a carefu l   ana lys i s  of the   p roblem 
shows this is no t  co r rec t .  The  suppor t  s t ruc tu re  mus t  r e s i s t  de fo rma-  
t i on   caused   by   changes   i n   mechan ica l   s t r e s ses   and   by   s t r e s s   o r ig ina t ing  
f rom  the rma l   g rad ien t s .   The   r e sonan t   f r equency  of t he   mi r ro r   suppor t  
assembly   a l so   mus t   be   main ta ined  as h igh   as   poss ib le   in   o rder   to   min i -  
mize   the   e f fec ts  of spacecraf t   low  f requency   v ibra t ions .  
In Table  11-2 the   phys ica l   p roper t ies  of mater ia l s   per t inent   to  
t h i s   d i scuss ion   a r e   l i s t ed   fo r   s eve ra l   poss ib l e   cand ida te s   fo r   t he   cav i ty  
support  tube.  The r igidi ty  of a simply supported overhanging beam of 
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Fig. 11-3. P r o p o s e d   c o m p o s i t e   m i r r o r   s u p p o r t   s t r u c t u r e .  
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Mate rial 
Aluminum 
Beryllium 
Inva r 
Lockalloy 
Magnesium 
Pyroceram 
Quartz 
Tan'talum 
Titanium 
Per t inen t   Phys ica l   P rope r t  
TABLE 11-2 
Lies of Possible   Cavi  
E, psi  
9.0 x 10 
6 
6 
42 x 10 
21.4 x 10 6 
28 x 10 6 
5.77 x 10 b 
12. 5 x 10 6 
10.4 x 10 6 
27 x 10 6 
16.8 x 10 6 
" 
p, lblin. 3 
9.75 x 
6. 7 x 
31.4 x l o m 2  
7. 56 x 
6. 28 x 
7.94 x 
7.94 x 
60 x 
16. 3 x 
K, in.  /in./Oc 
23. 6 x 
11. 6 x IOm6 
9 .0  x 10-6 
16.6 x 
27. 1 x 
0.20 x 10- 6 
0. 55 x 
6. 5 x 
8.41 x 
ty  Support  Tube M 
5 .3  x 10-1 
3.5 x 10-1 
0. 26 x 10-1 
4.9 x 10-1 
3.67 x 10-1 
0.048 x 10-1 
0.033 x 10-1 
1 .3  x 10-1 
0. 27 x 10-1 
a t e r i  
E / p ,  in. 
3. 23 x 10 7 
62.7 x l o 7  
6.82 x 10 7 
37.0 x 10 7 
9 .2  x 10 7 
15.8 x 10 7 
13.1 x 10 7 
4. 5 x 10 7 
10.3 x 10 7 
.als 
K/u, (cm-sec)/cal  
4.45 x 
3. 32 x 
3.44 x 
3. 38 x 
7.19 x 
4.17 x 
16.7 x 
5. o x 
30. 8 x 
un i fo rm  c ros s   s ec t ion  is direct ly   proport ional   to   the  ra t io  E / p ;  the 
deformat ion  of the   beam  due   to   the   s t ress   exer ted   by   the   weight  of the 
end plate  is  inversely proport ional  to  E. Therefore ,  f rom the  s tand-  
point of mechanical   r igidi ty ,  a m a t e r i a l  of a la rge   modulus  of e las t ic i ty  
E and a low density p is required.  The desirabi l i ty  of a high resonant 
f requency   a l so   demands  a mater ia l   wi th  a l a r g e  E / p  ra t io   s ince  the 
resonant   f requency of the  tube  is   d i rect ly   proport ional  to ( E / P ) ~ / ~ .  If 
the  weight of the  assembly is to   be  minimized,   a   low  densi ty   mater ia l  
is des i rab le .   This  is t r u e   f o r  a simple tube o r  a composi te   s t ruc ture  
as shown in Fig. 11-3. 
In o rde r   t o   min imize   beam  d i s to r t ion   r e su l t i ng   f rom  s t r e s ses  
caused by thermal   g rad ien ts ,  it is impera t ive   tha t   the   mater ia l   have  a 
low  ratio of thermal   coeff ic ient  of expansion  to  thermal  conductivity 
( K / r  ). Refer r ing   to   Table  11-2, it is qui te   apparent   tha t   bery l l ium  sur -  
passes  a l l  the  other  candidates  in  every requirement .  Beryl l ium has 
the  largest   modulus of e las t ic i ty ,   the   smallest   densi ty ,   the   largest  
ra t io  of E / p ,  and the smallest  ra t io  of K/u . It i s  a l so  qu i t e  c l ea r  
f rom  Table  11-2 tha t   a luminum,   magnes ium,   and   quar tz   a re  all con- 
s iderably  poorer   in   the  mechanical   ra t io   E/p,   and  quartz  is a l s o  
poorer  by  a  factor of 5 in   the  thermal   ra t io   K/u . 
We have  chosen a single-point  mounting  foot  for  the  cavity  sup- 
port  tube,  as shown in Fig. 11-4. This mounting foot provides both 
mechanical   support   and a thermal   path  to   the  heat   s ink  (spacecraf t  
f rame).  The s ingle  foot  support  serves  to  isolate  the cavi ty  support  
cy l inder   f rom  torques   o r   s t resses   which   the   l aser   package   or   space-  
craf t   heat   s ink  might   undergo.  
The   resonant   f requency   for  a cant i lever   a r rangement   as   shown 
in Fig.  11-4 (but with 18. 75 in.  over-all  length) was calculated to be 
4090 Hz, assuming a s imple  center   support   and  a   sol id   beryl l ium  tube 
with a 0.25 in.  wall  thickness.  This frequency is sufficiently high to 
be  out of the  high  amplitude  range of low  frequencies  typical of space-  
craf t  vibrat ions.  For  the 14.75 in .  s t ructure  actual ly  proposed,  the 
resonant   f requency   i s   even   h igher  - approximately  7000 Hz. For   t he  
r ibbed   or   pos t   separa ted   composi te   tube ,   the   resonant   f requency   wi l l  
be still higher.  We are   confident   that   th is   method of support  is su-  
per ior   to   two-point   or   two-r ing  mounts ,   even  though  these  have  s l ight ly  
h igher   resonant   f requencies ,   because  of the   i so la t ion   f rom  ex terna l  
torques  and  s t resses   provided  by  the  s ingle-foot   mount .  
C. PACKAGE  DESIGN 
The  key  feature  of our  proposed  package  design is that   the  
laser   and  power  supply  are   integrated  into  one  hermetical ly   sealed 
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F i g .  11-4. Over-all  view of cavi ty  support  s t ructure  and 
mounting  bracket  for 3072H l a s e r .  
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helium-fil led package, as shown in Fig. 11-5. Th i s  a r r angemen t  has  
the  following  advantages : 
0 T h e  l a s e r  c a v i t y  is  exposed to a relat ively constant-  
p r e s s u r e   h e l i u m   a t m o s p h e r e ,  so that   changes  in   the 
f o r c e s  on   cav i ty   s t ruc ture   in   t rave l ing   f rom  the   ear th ' s  
su r f ace   t o   space   a r e   min imized .  
0 No high vol tage connectors  or  cables  are  needed to connect 
the  laser  to  the  power  supply .  All  high vol tage leads are  
contained within a sealed  hel ium  atmosphere,   thus   a l low- 
ing  operation  through  cri t ical   al t i tude  without  special   design 
of the  power  supply  or   cables   to   suppress   corona.  
0 The minimum lead length between the laser  discharge tube 
and  power  supply  minimizes  the  shunt  capacitance  and  pro- 
vides  the  maximum  stabil i ty  with  the  minimum  values of 
series s t ab i l i z ing  r e s i s to r s .  
0 The he l ium a tmosphere  he lps  prevent  ho t  spots  f rom form-  
ing  in   the  e lectronic   c i rcui t ry   by  providing a high  thermal  
conductivity  path  to  the  package  walls. 
The   proposed   package   mater ia l  is magnes ium  a l loy   (AZ-61  or  
AZ-91)  he l ia rced  or  d ip  brazed .  In te r ior  r ibs  and  edge  f langes  a re  
used  to   s t i f fen  the  s t ructure   and  a l low  the  use of l igh t   s tock   mater ia l  
for  the walls. The input connectors for the 28 V prime power and 
t e l eme t ry  a re  he l ium- leak - t igh t  a s sembl i e s .  The  ou tpu t  window i s  
ant i ref lect ion  coated  and  sealed  to   the  package  with a m e t a l   c o m p r e s -  
s ion  seal   capable  of remaining  leak  t ight   under   pressure  and  tempera-  
ture  cycl ing.  A tubulation for evacuation and helium fil l ing is a l so  
provided.  The f inal  seal  af ter  hel ium f i l l ing is made at  this  tubulat ion.  
Two  phys ica l   a r rangements   a re   p roposed ,   wi th   the   choice   be-  
tween them being made on a mis s ion  r equ i r emen t s  bas i s .  The  f i r s t  
vers ion,  shown in Fig.  11-5, is similar to  the  demons t r a t ion  l a se r  
pro to type   bu i l t   under   the   p resent   p rogram  ( see   Sec t ion  111-H), except 
that  the length has been reduced from 2 0 - 7 / 8  in.  to 16 in.  over-all .  
The volume is approximate ly  380 in .3 .  The  a l te rna t ive  a r rangement  
is shown in Fig. 11-6; the  volume is approximately the same,  and the 
two  arrangements   differ   only  in   the  power  supply  c i rcui t   board  layout .  
S ince   bo th   a r r angemen t s   u se   t he   s ame   l a se r   t ube ,   cav i ty   suppor t   s t ruc  
ture,   and  power  supply  components,   the  qualification of both  vers ions 
would  take  l i t t le   more  effor t   than  e i ther   a lone.  
Both  package  vers ions  use  the  same  method of boresight   a l ign-  
ment .  Once  the  laser  is  adjusted and sealed inside,  a precision edge 
is machined  on a c o r n e r  of the  package  paral le l   to   the  experimental ly  
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F i g .  11-5. Package  a r rangement  a l te rna t ive  1. 
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Fig.  11-6. Package   a r r angemen t   a l t e rna t ive  2. 
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determined opt ical  output  axis. In this  way uni ts  mounted and al igned 
with  this  edge as a guide  can  be  interchanged at will   without  readjust-  
men t .  The  p rec i s ion  edge  runs  nea res t  t he  moun t ing  foo t  of the laser, 
as ind ica t ed   i n   F igs .  11-5 and 11-6, so tha t  e r rors  in  a l ignment  be tween 
the   edge   and   the   l aser   o tp ica l   ax is   due   to   ex te rna l   to rques   o r   s t resses  
applied to the mounting base plate are minimized. Mounting of the  
l a se r   t o   t he   base   p l a t e  is accomplished  by  bolt ing  through  the  external 
f lange of the package as  shown in Fig.  11-7. H e a t  t r a n s f e r  f r o m  t h e  
package   to   the   base   p la te   occurs   over   the   l a rge   a rea  of the  package 
bottom. 
The  over -a l l  package  s izes  g iven  in  F igs .  11-5 and 11-6 a r e   t h e  
maximum proposed .  Measurements  descr ibed  in  Sec t ion  I I I -B assure  
that  these wil l  be adequate .  Some addi t ional  effor t  should be expended 
on  fur ther   decreasing  the  package  s ize   and  weight  b'y the   u se  of the 
side. '"bulgestt   out to  the  f lange  dimensions  and  the  use of ex ter ior   s t i f f -  
ener  r ibs  to  a l low reduct ion  in  the  w a l l  th ickness  used .  The  exac t  
package  s t rength  (and  hence  s ize   and  weight)   wi l l   be   determined  by  the 
qual i f icat ion  program  i tself .  
Al though not  required by the present  contract ,  some considera-  
t ion  was  given  to   the  problem of us ing   an   e lec t ro-opt ica l   modula tor   in  
conjunct ion with the proposed laser .  Intracavi ty  modulat ion devices  
would of c o u r s e   r e q u i r e  a comple te   mechanica l   redes ign  of t h e   l a s e r  
t u b e ,  s i n c e  i n t e r n a l  m i r r o r s  a r e  u s e d .  E x t e r n a l  m o d u l a t i o n  is  eas i ly  
added, however,  and we believe that the integrated sealed package 
approach  could  be  used  to  advantage .  The  same laser  tube  and  cavi ty  
s t ructure   could  be  used  with  the  e lectro-opt ic   modulator   mounted  di-  
rectly on the end of the   mir ror   suppor t   s t ruc ture ,   wi th   the   l aser   pack-  
age  lengthened  to  accommodate  th i s  ex tens ion .  The  modula tor  dr iver  
(also requiring high voltage,  low capacity leads) could be placed in the 
lengthened portion of the power supply compartment .  A l l  the  advan-  
tages   ment ioned  with  regard  to   the  laser '   then  accrue  to   the  modulator .  
Additional  qualification  testing of the  modulator   components   and  dr iver  
and   the   over -a l l   un i t   would-be   necessary ,  of course ,   bu t   the   p rocedures  
would  amount  to  no  more  than  separately  qualifying  the  modulator  alone,  
since  the  laser  tube  and  power  supply  would  be  already  in  proven  form. 
D. POWER  SUPPLY DESIGN 
The   de ta i led   des ign   for   an  all solid-state  dual  power  supply  was 
evolved during the Phase I contract .  The supply was fabricated and 
tes ted ,  and  the  tes t  resu l t s  a re  g iven  in  Sec t ion  I I I -H.  Br ie f ly ,  the  
proposed   supply   p rovides   cur ren t   to   the   l aser   d i sch 'a rge   wi th   approxi -  
ma te ly  0 .  3% variat ion  over   the  input   vol tage  range  f rom 24 t o  32 V dc ,  
a 0 .6% var i a t ion   ove r   t he   t empera tu re   r ange   f rom -2OOC to t5OoC and 
2 0  
€945-6 
HELIARC SEAL 
OUTPUT WINDOW 
" 
PRECISION FLANGE 
EDGE \ I BOLTS 
€945-7 
L 
I 4 
Fig.  11-7. View  showing  package  mounting  flange  and 
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a 1% var ia t ion   over   the   load   res i s tance   range   f rom 130 kS2 to  160 kQ 
(cor responding   to  a l a se r   d i scha rge   vo l t age   r ange  of 1100 to 1360 V) .  
F i g u r e  11-8 shows a b lock   d iagram of the dual supply.  The 
pOwer  supply is made  up of the  following  seven  subcircuits:  
c  ont rol logic 
cu r ren t   r egu la to r  
dc   to   dc   conver te r  
high  voltage  f i l ter  
cu r ren t   s ens ing  
s t a r t i ng   c i r cu i t ry  
te lemet ry   moni tor ing   c i rcu i t ry  
The  first six subcircui ts   are   dupl icated,   wi th   one  set   to   operate   each 
anode of the laser. The function of these   seven   c i rcu i t s  is detailed as 
fol lows.  For  component  ident i f icat ion,  reference should be made to  
the  complete   schematic   B190074  a t tached  to   this   document .  
1.   Control  Logic 
Two  special   power  turn 'on  c i rcui ts   are   provided s o  that  the 
ent i re   power  supply  can  f loat   on  the  dc  bus  and  be  act ivated  or   turned 
off by   means  of low  level  signals.  
T r a n s i s t o r s  Q5 and Q6 compr ise   the   remote   power   tu rn-on  
c i rcu i t .  A low  level   input   s ignal   wil l   turn  on  Q5,  whi.ch provides ad- 
d i t i ona l   b i a s   t o   t u rn   on   t r ans i s to r  Q3 in   the   regula tor   c i rcu i t .   To   tu rn  
off the power supply,  the low level  s ignals  are  removed.  Ei ther  anode 
may  be   tu rned   on   o r  off independently of the  other .  
2. Curren t   R gula tor  
The  function cf the  pulse  width  type  regulator is to   provide a 
regu la t ed   l a se r   cu r ren t   f rom  24   t o  32 V dc input  source.  It is capable 
of regula t ing   th i s   cur ren t  to  bet ter   than *570 for  changes  in  input  voltage 
and  tempera ture .  The  over -a l l  e f f ic iency  of the regulator  c i rcui t  a lone 
is 89 t o  9470, depending  on  the  temperature  and  input  voltage.  
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Fig.  11-8. Block diagram of SQL power supply. 
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Trans i s to r s   Q l   and  Q14 a r e   t h e   s w i t c h e d   p a s s   t r a n s i s t o r s  
which produce rectangular  pulses  to  L3 and C9 for  smooth ing .  Q2,3 ,  
4 , 7   a n d  8 provide  the  amplification  which  maintains a low  bus  voltage 
r ipple .   The  s ignal   produced at the  junction of CR29 and R18 is the 
sensing  voltage  which is proport ional   to   output   current .  
3. DC to  DC Conver te r  
The   dc /dc   conve r t e r  is  used  to   convert   the   input   bus  vol tage 
to   about   1300  Vdc   to   opera te   the   l aser   anodes .   I t   a l so   suppl ies   low 
vol tages   to   opera te   the   s ta r t ing   c i rcu i t ry   and   the   sa turab le   reac tor   in  
the  current   feedback  loop.  
Trans is tors   Q11  and  Q12  and  t ransformers   T1  and  T2  form a 
switching  c i rcui t   which  generates   squarewave  ac   vol tages   in   the  wind-  
ings of T2.  The frequency of these   square   waves  is determined by the 
volt-second  capacity of t h e   t r a n s f o r m e r  T  1,  and is approximately 
4000 Hz in  the  present  des ign .  Q9 provides  forward  b ias  to  the  swi tch-  
ing   c i rcu i t   to   in i t ia te   osc i l la t ion   bu t  i s  then  shut off through  CR12  and 
CR13, thus ensuring a higher efficiency with R20 removed electrically.  
4.  High  Voltage Filter 
The  high  vol tage  f i l ter   provides   f i l ter ing  for   the  anode  vol tages  
through use of L2, C14, and C13. The output ripple from this filter 
is below 1% peak  to   peak (0. 370 rms). 
5.   Current   S sing 
Curren t   sens ing  is accomplished  by  means of s a tu rab le   r eac to r  
SR1. The output from SR1 is rectified by CR31 through 34, f i l tered by 
C15, and then used as the  sensing  s ignal   to   control   the   switching 
regula tor .  
6 .   S ta r t ing   Ci rcu i t ry  
The   s ta r t ing   c i rcu i t ry   causes   h igh   vo l tage   pu lses   f rom  T3  to  
appea r   ac ross   t he   l a se r   e l ec t rodes   t h rough   s t ee r ing   d iodes  CR27 and 
CR28 until the laser starts. SCR Q15 discharges C12 into T3 from a 
winding on T2, through diodes CR16-CR19 and R27. Transformer T3 
cont inues  to   receive  input   vol tage  pulses  so long as Q13, a unijunction 
t r a n s i s t o r ,  is allowed to oscillate and provide pulses to Q15. As soon 
as anode  current  f lows,  diode  CR 20 becomes  forward  biased  and 
disables   Q13.  
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7. T e l e m e t r y  
S tandard   t e lemet ry   ou tputs  (0 to  5 V dc)   a re   p rovided   to   moni tor  
each  laser   anode  vol tage  through  an  auxi l iary  winding  on  . the   dc  to   dc 
conve r t e r .  The  anode  cu r ren t s  a r e  mon i to red  d i r ec t ly  by R34. Pres- 
s u r e   t e l e m e t r y  is  provided  by a t r ansduce r   MT1 ,  similar to   tha t   used  
on the HS 308 and   ATS  programs.   Tempera ture   t e lemet ry   wi l l   be   p ro-  
v ided  by  thermis tors  at as many points as required.  A s ingle  tempera-  
t u re   t e l eme te r ing   c i r cu i t  is shown using R39, R36 and R38.  
The  opt ical   power  monitor ing  c i rcui t  is not. shown on Schematic 
B190074, since some further evaluation is needed. Approximately 1% 
of the  output  power (50 p W  at full  output)  will  be  diverted by a beam 
sp l i t t e r  to  dr ive  the  power  moni tor  sensor .  Two opt ica l  de tec tors  a re  
being considered for  this  sensing task:  a s tandard s i l icon solar  cel l  
and a photo-FET.  The solar  cel l  has  the advantage of being a fully 
space-qualified component.  The photo-FET has the advantage of a 
higher   output .   s ignal   requir ing  less   amplif icat ion  to   the 0 t o  5 V t e l em-  
etry  level,   but  i t   has  not  yet   been  exposed  to  space  environmental   test-  
ing.  In either case,  a balanced bridge circuit  using two detectors wil l  
be   used  to   compensate  as much as poss ib le   for   t empera ture   var ia t ions ,  
and   s eve ra l   s t ages  of sol id-s ta te   amplif icat ion  wil l   be   necessary  to  
convert  the 50 p W  slgnal  into the 5 V te lemetry output .  The over-al l  
size  and  power  consumption of this  power  monitor  circuitry  should  be 
negligible,   however.  
8. Efficiency 
One of the   major   emphases   dur ing   the   deve lopment  of this 
power  supply  was to  obtain  the  highest   energy  conversion  eff ic iency.  
A measured   wors t -case   e f f ic iency  of 7770 o c c u r s  at high  line  voltage 
and high temperature,  when the power loss in  R28 is  negl.ected.  (R28 
is a laser   b ias ing   res i s tor   necessary   €or   ob ta in ing   an   over -a l l   pos i t ive  
res i s tance   f rom  the   p lasma  tube   and  is individually  chosen  for  the 
par t icular  discharge tube used.)  Under  other  combinat ions of l ine 
vol tage  and  temperature ,  t.he over-al l   eff ic iency is g rea t e r   t han  7770. 
E. RELIABILITY AND QUALITY  ASSURANCE  PROVlSIONS, 
PHASE I1 
In this section and in Appendices A ,  B, and C we sha l l   desc r ibe  
the  Rel iabi l i ty   and  Qual i ty   Assurance  provis ions  to   be  implemented 
dur ing   Phase  I1 of the   Space   Qual i f ied   Laser   Program:  
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Appendix A: Rel i ab i l i t y   P rogram,   Phase  I1 
Appendix B: Qual i f icat ion-Rel iabi l i ty   Test   Plan 
Appendix C: Qual i ty   Assurance   Sys tem.  
Hughes  re l iabi l i ty   and  qual i ty   assurance  provis ions  are   intended 
to conform to the objectives outlined for Phase 11. T h e  p r o g r a m  d e -  
s c r ibed   he re in   i s   des igned   t o   p rov ide  
1.   effect ive  planning  and  management  of the  reliability  and 
qua l i ty   assurance   e f for t  
2.  a s s u r a n c e  of a closed  loop  monitoring  and  evaluation 
s y s t e m  
3 .  definition of the  major   qual i f icat ion  and  re l iabi l i ty   tes ts  
4 .  the  necessary  documentat ion  for   qual i fying  the  integrated 
laser   and   power   suppl ies .  
The  Re l i ab i l i t y  P rogram P lan  is presented  as  Appendix  A.  It 
descr ibes   the   Hughes   E lec t ron   Dynamics   Div is ion   organiza t iona l   s t ruc-  
t u re  and  in t e r f aces .  Th i s  p l an  a l so  desc r ibes  the  Re l i ab i l i t y  Eng inee r -  
ing  tasks  to  be  under taken  dur ing  Phase  11. It should be noted that this 
plan  suggests   the  use of Mi l -Spec   par t s   for   Phase  I1 and  High-Reliabil i ty 
par t s  for  la te r  f l igh t  un i t s .  The  major  re l iab i l i ty  e f for t  wi l l  be  d i rec . ted  
toward (1)  improving  the  l i fe t ime charac te r i s t ics ,  (2)  e l iminat ion of 
fa i l .ure  modes and mechanisms,  and ( 3 )  over -a l l  r e l i ab i l i t y  a s ses smen t .  
These  reliabil i ty  tasks  will   be  conducted  in a manner   t ime-phased  with 
the engineer ing effor t .  
The  Qualification-Reliabil i ty  Test   Plan is p re sen ted   a s   Appen-  
dix B .  I t  descr ibes  the Qual i f icat ion and the Rel iabi l i ty  tes ts  to  be 
pe r fo rmed  a s  an  in t eg ra l  pa r t  of t he  Phase  I1 p r o g r a m .   T h e s e   t e s t s  
a r e   des igned   t o   i n su re   t ha t   t he   i n t eg ra t ed   l a se r   and   power   supp l i e s   can  
mee t  t he  r equ i r emen t s  of the  severe  space  envi ronments .  The  da ta  
col lected  f rom  these  tes ts   wil l   be   used  for   re l iabi1i t .y   evaluat ion  and 
ana lys i s .  
The  Quality  Assurance  System  described  in  Appendix C i s   d e -  
s igned  to   provide  effect ive  management  of the  quali ty  control  plans  and 
procedures .  The  provis ions  in  th i s  sec t ion  descr ibe  the  methods  for  
cont ro l  drawings ,  spec i f ica t ions ,  p rocur ing  mater ia l  and  par t s ,  pack-  
aging and shipping provisions,  etc.  The Quality Assurance Syst.em will  
be  ut i l ized  as  a c r i t e r ion   fo r   de t e rmin ing   confo rmance   t o   Phase  I1 
r equ i r emen t s .  
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S E C T I O N  I 1 1  
PHASE I SUBTASKS 
\ 
Work  per formed  in   sa t i s fac t ion  of I tem  1 , subtasks  a through f 
and  additional  subtasks,  is documented  in   this   sect ion.  
A.  CALCULATION OF CRITICAL  ASER  PARAMETERS 
A review of bas ic   he l ium-neon  laser   mechanisms  was   g iven   in  
our  proposal  and the resul t ing scal ing laws were discussed.  We 
repea t   t he   s ca l ing   l aw   summary   he re  as an  introduct ion  to   the  param- 
e te r   ca lcu la t ion .  
Certain  re la t ionships   have  been  found  empir ical ly   for   opt imum 
He-Ne laser  opera t ion .  Some of these have been put on a reasonably 
f irm theore t i ca l  bas i s  by Gordon and White (Ref. 111-l), while others 
r ema in  e s sen t i a l ly  empi r i ca l .  The  measu remen t s  a re  accu ra t e  
enough for  the proper  design of an opt imum laser,  however,  so that 
no f u r t h e r   r e s e a r c h  is n e c e s s a r y  to  determine  the  scal ing  re la t ion-  
sh ips .  We s imply  s ta te  the  resu l t s  be low and  show how they may be 
used   t o   des ign   t he   r equ i r ed   l a se r .  
0 The opt imum ra t io  of he l ium pressure  to  neon  pressure  
has  been determined to  be approximately 5: 1.  The exact  
proport ion is not coo c r i t i ca l   and  a broad  opt imum  exis ts .  
0 Isotopical ly  pure He3 has  proven to  be superior  to  He 4 
as  shown by White (Ref. 111-2). The  r eason  i s  that the 
He atoms have higher  veloci t ies  and hence more rapid 
co l l i s ion   ra tes   wi th   neon   a toms.  
3 
0 The opt imum to ta l  gas  pressure  for  a tube of d i a m e t e r  D i s  
pD = 2. 9 to 3.  6 T o r r - m m   ( I I I -  1 )  
wi th   the   lower   va lue   appropr ia te   for   smal le r   d iameter  
tubes (1 to 2 mm). 
0 The  e l ec t ron  t empera tu re  is a function only of pD and is 
t h e r e f o r e  t h e  s a m e  f o r  all opt imum lasers. It is approxi-  
mately independent of cu r ren t .  These  r e l a t ions  have  been  
conf i rmed by Labuda  and  Gordon  (Ref.  111-3) and Wada and 
Heil  (Ref.  111-4). Constant Te and constant pD imply a 
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c o n s t a n t   E / p   f o r   t h e   d i s c h a r g e ;   t h a t   i s ,   E / p  is a m e a s u r e  
of the  energy  gained  by  e lectrons  in   the  e lectr ic   f ie ld  E 
be tween co l l i s ions  wi th  gas  a toms.  These  re la t ions  a l so  
imply constant  (E/p)  (pD) = E D  f o r  t h e  d i s c h a r g e ;  s i n c e  
E “Vtube/L,  then  Vtube  D/L is a constant .  Consis tent  
with the above relationships i s  t he   obse rved   r e l a t ion   I /D  = 
a constant.  Thus,  (Vtube D/L) (I/D) = V t u b e I / L  is a l s o  a 
constant ,   an  expression  that   the   input   power  per   uni t   length 
f o r   a n   o p t i m u m  laser  is approximately  the  same no m a t t e r  
which   d iameter  is  chosen.  
e The optimum small  signal gain coefficient at  0 .  6328 p. i s  
given  approximately by 
0 .  3 
g r ’  (111-2) 
where  D is in  mi l l imeters  and  g i s  in ( m - ’ ) .  This  re la t ion-  
sh ip   has   been   measured   independent ly   a t   severa l   l abora-  
t o r i e s   and  is reasonably  accurate   over   the  range of D f r o m  
1 to 10 m m .  
The  var ia t ion of power  output  with  the  various  atomic  and  physi- 
ca l   pa rame te r s   (o r   measu rab le   combina t ions  of t hese   pa rame te r s j   has  
been  d i scussed  by Rigrod (Ref. 111-5); White, Gordon, and Rigden 
(Ref. 111-6); and Smith (Refs.  111-7 to 111-9). The latest  work by Smith 
c o m p a r e s  all th ree  approaches  and  y ie lds  the  most  accura te  compar i -  
sons with experiment .  The development  of the theory is  given in  
R e f .  111-7, t he  measu remen t  of the  c r i t i ca l  medium parameters  i n  
Ref. 111-9, and the comparison between theory and experiment in 
Ref. 111-8. F o r  a mul t imode  laser  (i.  e . ,  TEMoo ope ra t ion ,  bu t  
sev-era1 longitudinal modes oscil lating simultaneously),  Smith finds 
the relation (Ref.  111-7) 
2 TrD 
1 0  Pout 
- - -  (Awo) G(l  - a)2 
w h e r e  D is i n   m i l l i m e t e r s ,  (Aw,) 1s a constant with the empirically 
determined values  of 300 mW/(rnm)2,  G i s  the  smal l - s igna l  ga in  per  
p a s s  ( = gL) ,  and  a is the loss  per pass.  The output coupling i s  
assumed  to   be  a t   i t s   opt imum  val .ue  given  by 
t = G( - a / G )  . 
opt 
(111-4) 
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From  these  relations,   the  power  output  and  optimum  coupling 
coef f ic ien t   can   be   de te rmined   once   the   d iameter ,   l ength ,   and   cav i ty  
lo s ses  a re  spec i f i ed .  One  a s sumpt ion  necessa ry  to  a r r ive  a t  eqs .  
(111-3) and (111-4) that   was  not   s ta ted  previously is that  the  optical  
m o d e   c r o s s - s e c t i o n a l   a r e a  is  assumed  to   be   about  1 / 5  the  physical  
tube  a rea .  This  is a reasonable  approximat ion  for  TEMoo opera t ion  
in the usual cavity configuration. Equations(II1-3) and (111-4) a r e  
de r ived   fo r   t he   ca se  of symmet r i ca l   mi r ro r s ,   w i th   equa l   ou tpu t s   f rom 
each end. If the output is taken from one end only,  a f a c t o r  of two 
should  be  added  to   the  r ight   hand  s ides  of both (111-3) and (111-4). 
Similar   re la t ionships   are   expected  to   hold  for   the 1. 15  p and 
3.  39 p t rans i t ions ,   bu t   the   va lues  of Awo and  gD  have  not  been 
de termined   accura te ly   for   these   l ines .  
Smith has obtained very good agreement (Ref.  111-8) between 
eq. (111-3) and the actual output of s e v e r a l  B T L  l a s e r s .  H e  u s e s  t h e  
value 0. 370fOr the loss per   pass   which  is made  up of 0. l7oloss   in   the 
window and 0. 27oin t h e  m i r r o r .  M i r r o r  l o s s e s  t h i s  s m a l l  a r e  q u i t e  
difficult   to  realize  (although  the  group  at   BTL  under  Gordon  has  in 
f ac t   p roduced   mi r ro r s   w i th   l o s ses   t h i s   sma l l ;   t hese   were   t he   s ame  
mi r ro r s  u sed  in  the  expe r imen t s  Smi th  compares ) .  A m o r e  r e a l i s t i c  
f i g u r e   f o r   m i r r o r  loss in   the  sof t   coat ing  mater ia l  is x 0 .  570, and 
fo r  t he  ha rd  ma te r i a l s  0. 5 to 0 .  870. Using these values we may com- 
pute   an   approximate   des ign   for   the  5 mW lase r   r equ i r ed   fo r   t h i s  
p r o g r a m .  F o r  a single ended output, eq. (111-3) becomes  
and eq. (111-4) becomes  
t = 2G (m - a / G )  . 
opt 
(111-5) 
(111-6) 
F i g u r e  111-1 shows  the  output  power  to  be  expected  from a 30. 5 c m  
(12 in. ) active  length as a function of the  s ingle-pass  loss for   d i f fe ren t  
b o r e  d i a m e t e r s ,  as given by (111-5). The  cu rves  of c o u r s e  a s s u m e  
tha t   the   op t imum  output   mir ror   t ransmiss ion   g iven   by   eq .  (111-6) and 
shown in  F ig .  111-2 is used  a t  each  poin t .  The  same da ta  a re  in  g iven  
in  F i g s .  111-3 and 111-4 f o r  a 23 c m  (9 in. ) active length.  These two 
lengths  were  used  in  tubes  fabr ica ted  dur ing  the  SQL program.  We 
see   tha t   the   to ta l   s ing le-pass  loss mus t   be   l e s s   t han  270 to  achieve 
5 mW output   f rom  the 30. 5 cm  bo re   w i th   d i ame te r s   i n   t he   p rac t i ca l  
r ange  0 . 8  to 3 m m  and less  than  1. 170 for  the 23 cm bore:  We a l s o  
note   that   the   behavior   with  diameter  is not  monotonic  for  optical  
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F ig .  111- 1. Power  output as a function of l o s s  p a r a m e t e r  a,  
for  a 12 in. tube length. 
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Fig .  111-2. O p t i m u m  m i r r o r  t r a n s m i s s i o n  a s  a function of 
loss p a r a m e t e r  a fo r  a 1 2  in. tube  length. 
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F i g .  111-3. Power output  as  a function of loss p a r a m e t e r  a ,  
for a 9 in. tube length. 
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Fig.  111-4. Opt imum mi r ro r  t r ansmiss ion  as a function of 
loss p a r a m e t e r  a, for a 9 in. tube length. 
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l o s ses   i n   t he   r ange   wh ich   y i e lds  5 mW output . ,  Comparison with experi- .  
m e n t  is a l so   compl ica ted   by   the   fac t   tha t   the   mir ror   t ransfn i ' s s ion  is not 
ac tua l ly  opt imized  a t  each  po'int du r ing  the  measu remen t s .  The  r e su l t s  
of measu remen t s   on   t ubes   f ab r i ca t ed   du r ing   t he   p rog ram a re  g iven   in  
Section 111-B. 
B. MEASUREMENT  OF  CRITICAL  ASER  DESIGN  PARAMETERS 
Severa l   tube   var ia t ions   were   fabr ica ted   under   th i s   p rogram  to  
check   the   des igns   made   on   the   bas i s  of the  calculations  given  in  the 
prev ious  sec t ion .  Tube  d iameters  of 3, 2. 5, 2, and 1. 5 m m ,  a n d  
ac t ive  bore  lengths  of 12 in. and 9 in. were used (although not all 
combinations of these  d iameters  and  lengths  were  t r ied) .  The  most  
se r ious   unknown  par ,ameter   in   a t tempt ing  a compar ison  of the  experi-  
ments  wi th  theory  was  the  mir ror  loss a .  While m i r r o r s  w i t h  l o s s e s  
as low as  0,270  have  been  made,  a more  typical   value  for   pract ic .a l  
d i e l ec t r i c  mi r ro r s  l i e s  i n  the  r ange  f rom 0 .  5 to 1%. In addition, the 
l imited  select ion of mi r ro r   t r ansmiss ions   r ead i ly   ava i l ab le   p reven ted  
the exact  opt imizat ion for  each set  of d iameter ,  l ength ,  and  loss.  
Never the l e s s ,  a reasonably good agreement  with theory was obtained.  
Reference to  Fig.  111-1 ind ica t e s  t ha t  fo r  t o t a l  s igna l -pass  
lo s ses  (mi r ro r  p lus  Brews te r ' s  ang le  window)  of about 170, opt imized 
output  powers of 9 to 10 m W  should  be  possible   f rom 1. 5 to  3 m m  
bore tubes with 30. 5 cm ac t ive  l eng ths .  The  co r re spond ing  op t imum 
m i r r o r  t r a n s m i s s l o n  r a n g e s  f r o m  M 1 .  5% to 370. F i g u r e s  111-5 and  
111-6 g ive   the   typ ica l   per formance   charac te r i s t ics  of 2 mm x 30. 5 c m  
bore  tubes .  Power  outputs  in  the  range  f rom 6 to 8 m W  were obtained 
a t  va r ious  fill pressures .  The output  was obtained in  the TEMlO mode,  
which does not exactly fi t  the theoretical  assumptions,  but should not 
be too far  o f f .  The  mi r ro r  t r ansmiss ion  used  ( 0 . 8 % )  i s  a lso not  in  
the   op t imum  range  ~ 2 % ;  the re fo re ,  we  may conclude that the optical  
l o s ses   a r e   somewha t   l e s s   t han  1% and  that   more  power  would  be 
r ea l i zed  by a Z'%mirror  with  the same losses .  
The   op t imum  p res su re  of =2 T o r r   a g r e e s  reasonably well with 
the 1 .  5 to  1. 8 T o r r   p r e d i c t e d   b y  (111.- 1) .  Higher gas  fills would be 
used  in   pract ice   to  s low down  any  sputte.ring  cleanup of gas.  
The   deg ree  of loss in power due to mode selection is indicated 
in Fig.  IIIL7. For  the  mir ror  rad i i  shown,  approximate ly  2070 r e d u c -  
t ion  in  output  occur red  f rom TEMIO to  TEMO0.  This  e f fec t  i s  even  
smaller in the smaller bore (1.  5 mm)  tubes   measu red   l a t e r   i n   t he  
p rogram  and   p roposed   fo r   t he   me ta l - ce ramic   des ign .  
34 
IO I I I I I I I 
E 945 - I4 
I 
8 
h 
3 
E 
a 
6 '  
Y 
8 4 '  
0 
E 
k 
w 
2 .  
3083 
I2 in. 
2 mm 
1 H S/N I 
BORE LENGTH 
BORE DIA. 
MIRRORS = EXTERNAL 
HI REF = FLAT SP 
SPACING = 18 in. 
- OUTPUT = 200~m 0.8 % OCLl 
" 0  2 4 6 8 IO 12 14 16 
DISCHARGE CURRENT (ONE SECTlON)(mA) 
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Because  we  had  real ized 6 to 8 mW  output   in   our   ear ly   external  
mir ror   tubes ,   we   fe l t   tha t   i t   would   be   p roper   to   reduce   the   over -a l l  
tube length by 25"/0. The addi t ional  power needed to  real ize  5 m W  out- 
pu t   in   the   smal le r   bore   l ength  ( 9  in.  ) would  be  made  up by using a 
s m a l l e r  b o r e  d i a m e t e r  a n d  i n t e r n a l  m i r r o r s .  F i g u r e s  111-8 and 111-9 
conf i rm these  conclus ions .  F igure  111-8 shows the resul ts  obtalned 
with a 3083H shortened from 12 in. to 9 in.  active bore length and 
d i a m e t e r   d e c r e a s e d   f r o m  2 mm to 1.  5 mm,   bu t   used   wi th   Brewster ' s  
angle windows. A maximum output  of ~4 mW was obtained, with the 
opt imum  pressure   increas ing   and   the   op t imum  cur ren t   decreas ing   in  
t h e  p r o p e r  r a t i o .  F i g u r e  111-9 shows the effect of u s ing  the  same  
mirrors  and tube,  but  with the Brewster ' s  angle  windows removed 
and  the  mir rors  epoxied  d i rec t ly  onto  the  tube  ends .  Approximate ly  
5. 5 mW output  is  obtained with the best  mirror  combinat ion.  I t  is 
in te res t ing   to   no te   tha t   the   theory   p red ic t s   an   op t imum  mir ror   t rans-  
miss ion  ? 270 for   the  loss  r a n g e   f r o m  0. 470 to  270,  while  the  experi-  
ment   ind ica tes   tha t   the   power   ac tua l ly   decreased   when  the   t ransmiss ion  
i n c r e a s e d  f r o m  1% to  1 .8%.  Both  mir rors  were  manufac tured  by  
Spec t ra -Phys ics ,  bu t  i t  is possible that they have substantially dif-  
f e r e n t   l o s s e s .  
A compar ison  of output   powers   obtainable   f rom  the  short  
3083H type tubes at 0. 6328, 1. 15, and 3 .  39 p is g iven   in   F ig .  111-10. 
Slightly  over 5070 of the 0.  6328 p power is available  at   1.   15 p and 
slightly under 5070 is available at  3.  39 p. We do not know how closely 
these   mi r ro r   t r ansmiss ions   approached   t he   op t imum  va lues .  
C .  LITERATURE  REVIEW AND STATE-OF-THE-ART SUMMARY 
No s p e c i a l   l i t e r a t u r e   s e a r c h   w a s   m a d e   f o r   t h i s   p r o g r a m   s i n c e  
all personnel   were  act ively  engaged  In   development   on  hel ium-neon 
lasers   a t   the   p rogram  incept ion   and   were   thoroughly   fami l ia r   wi th  
publ icat ions in  the f ie ld .  A s u m m a r y  of the theory and scaling laws 
assoc ia ted  wi th  He-Ne lasers  was  g iven  in  our  proposa l .  The  key  
publ icat ions on laser  theory and scal ing laws are Refs.  111-1, 111-2, 
and 111-5 through 111-10. Usefu l  survey  papers  have  a l so  been  wr i t ten  
by Haisma (Ref .  111-1) and Allen and Jones (Ref.  111-12). Few good 
papers  on technological  problems have appeared;  of those published, 
the   mos t   in te res t ing   a re   the   papers   on   co ld   ca thodes  by Hochuli and 
Haldemann (Ref.  111-13) and life l imitat ions in  rf excited He-Ne lasers 
by Turner ,  e t  a l . (Ref .  111-14). (The conclusions reached in  Ref .  111-14 
a re  not all in  agreement  with  unpublished  observations  on rf excited 
He-Ne made  a t  Hughes  Research  Labora tor ies ,  par t icu lar ly  regard-  
ing  c leanup  ra tes   with  different   wal l   mater ia ls .  ) 
" 
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The  s ta te  of t he   a r t   i n   he l ium-neon  lasers was   assessed   bo th  
f rom  jou rna l   a r t i c l e s   and   a l so   f rom  commerc ia l   adve r t i s ing   b rochures .  
Table  111- 1 s u m m a r i z e s   t h e   s a l i e n t   c h a r a c t e r i s t i c s  of commerc ia l ly  
avai lable  He-Ne lasers ,  both foreign and domest ic ,  with 'TEMOO out-  
puts  in  the range 1 to 10 mW. Direct comparison with the proposed 
SQL design is difficult  because  none of the   l asers   l i s ted   were   des igned  
f o r  5 mW output ,  space environment ,  or  spacecraf t  power supply 
charac te r i s t ics .  The  most  no tab le  is the Soviet JI r -56, with 2 mW 
TEMoo output and a laser  head weight  of 2. 65 lb.  The descriptive 
b rochure   s t a t e s   t ha t   t he   l a se r  ' I . .  . is cha rac t e r i zed  by high r e s i s t i v i ty  
to   mechanica l   e f fec ts   and   to   ambient   t empera ture   changes   and   can   be  
used  under   condi t ions of cons iderable   dus t   and   mois ture   conten t .  I t  
F u r t h e r m o r e ,  a t e m p e r a t u r e   r a n g e  of -30° to +40 c is quoted and 
dynamic   mechanica l   l imi t s  of 4 .  5 g vibration (20-80 Hz),  15 g repea ted  
shock, and 75 g s ingle  shock are  quoted.  "Precis ion l ight  ranging" 
is ment ioned  as  a possible  appl icat ion in  the brochure.  I t  is only 
recent ly   that  U. S. manufacturers   have  been  concerned  with  the  de-  
velopment of lasers   for   surveying  and  equipment   guidance.  
0 
It is ev ident   f rom  the   spec i f ica t ions   g iven   for   the   p roposed  
Hughes  3072H  SQL  that  i t   exceeds  the  commercial   state of t h e   a r t   i n  
specific  power  output  per  unit   length,   power  output  per  unit   weight,  
efficiency, and l ife.  While somewhat greater powers have been ob- 
served   in   l abora tory   vers ions  of this length,  we believe the proposed 
3072H  design  specif icat ions  represent  a rea l i s t ic   and   reproducib le   se t  
of opera t ing   cha . rac te r i s t ics   ob ta inable   in   severe   envi ronments .  
D. SUMMARY OF VISITS TO NASA FACILITIES 
Conferences  were  held  with  (1) NASA Headquar t e r s ,  
Washington, D. C. ; (2)  Elec t ronic  Research  Center ,  Cambr idge ,  
Massachuset ts ;  (3)  Marshal l  Space Fl ight  Center ,  Huntsvi l le ,  
Alabama;  and (4)Manned Spacecraf t  Center ,  Houston,  Texas,  during 
the fif th month of Phase I .  The purpose of these meet ings was to  
so l ic i t   sugges t ions   concern ing   the   l aser   per formance   spec i f ica t ions ,  
environmental  conditions,  and physical configuration as t h e s e   f a c t o r s  
per ta in  to  def in i t ive  requi rements .  The  proposed  laser  spec i f ica t ions  
and  design  approach  were  reviewed,   and  an  operable   prototype  for  
the tentat ive design was demonstrated.  The fol lowing NASA personnel  
were  in   a t tendance  a t   the   above  l is ted  centers .  
1. NASA Headquarters,   Washington, D. C. 
H. L. AndertGn 
J. Meson 
H. Fosque  
H. H. Plotkin 
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TABLE 111-1 
C o m m e r c i a l   L a s e r   C h a r a c t e r i s t i c s  
7 Power He ad  Power  Supply 1 7  
Manufacturer  ' ' I 1 Input 1 1 T E M ~ ~  Power .  mW I TEMOO, ! T E M m n ,  ' Weight, Size Ib L x D o r  L x w x H Life 
I ( in   inches)  l w  I Ib  Size,   in .  
; CSF 
EIMAC 
EIMAC 
EOA 
F e r r a n t i  
F e r r a n t i  
Jodan 
0 TI 
Pe rk in -E lmer  
Pe rk in -E lmer  
l Quantum Phvsics  
Quantum Physics  
Quantum Physics  
Radiat ion Physics  
Siemans 
Spec t ra  Phys ics  
Spec t ra  Phys ics  
U. S.  S. R 
Hughes 
F9094 I 
300 
303 , 
L A S  I 02 
S L -  5 
C P - 2  
C L - 6 0  
I 
5600 
5300 
L S - 3 0  
L S -  3 1 
L S - 3 5  
RPI-75 
L C - 6 4  
122 
123 
xr - 56 
~ 1 r - 1 2 6  
3072H 
1 
1 
3 
I 
1 
2. 5 
3 
1 . 3  
8 
1 . 5  
2 
7 
7 
I 
3 
7 
2 
10 
I 2.65  13.4 x 2 . 4  
9 14. 5 x I .  9 
9 25  x  1.9 
2  3 13 .5  x  2 
1 :  
11  20.  3  x 5. 4 x  6.  2
6 . 6  18  x 3 . 5  x 2 . 9  
? > 22 
I 15 34 36 x 4 
1 4  I O  total 1 3 x 3 x 4 . 5  
1 1 5  1 8  total , > 2 4  x 2. 5 
' - I 15 total 24 x 2 
5.  5 17. 5 x 2 . 2 5  
6 , 14 total > 1 4  x 1.75 
26. 2 x 5.  I x 4. 8 
10 16  x 3.  3 x 3. 3 
15  22 x 3 . 3  x 3 . 3  1 I I 3;.65 1 1 3 . 7 x 2 . 3  
37 x 5.  7 
14 ' 
? 
included in head 
? 7 
1 2 . 8 ~ 1 3 . 8 ~ 9  ? 
12. 8 x 13. 8 x 9 
? 
12 x 6 x 14 
12 x 6 x 14 
, included  in  head 
I -  
1 -  
4 . 5 x 8 x 7  
4 . 5 x 8 x 1 0  
3 x 6 ~ 8  
28 1 4 . 4 x 7 . 5 x 7 . 4  
4 . 5  
4 . 5  
4 . 2  x 3 x 12 
4 . 2 x 3 x 1 2  
j ? ( ?  1967 , 0.075 
I 2000 hours  1 2000 h o u r s  1 
I 2000 hours  ' ? 
500 hours  
500 hours  
I ? 
1 yea r  
1 yea r  
1 yea r  
1 yea r  
1 yea r  
1 yea r  
IO00 hours  
1 yea r  
1 yea r  
I 44 I 1  I 20 .5  x 13 .8  x  11.4 I 500 hours  11.7 x 5 .9  x 5 .  9  500 hours  
5 I - I 1 1  I I b  x 3  x 8 I included  in  head I 10 ,000  
' 1966  0.069 
1966 
1966 
1967 
1967 
1967 
1967 
1965 
, 1967 
1967 
1967 
1967 
1966 
1967 
1967 
1966 
1967 
' 
0.12 
0.074 
0 . 0 4 9  
0. 139 I 
< O .  136 I 
0.074 
0.222 
0.116 
< 0. 143 
cO.292 , ~ 
0 .292 
0.038 
0.188 
0.318 
0.146 
0. 27 
0.313 I 
2. 
3 .  
4. 
Elec t ron ic  Resea rch  Cen te r ,  Cambr idge ,  Massachuse t t s  
P. Hanst P. Ryan 
R. Paananen  T.   Lawrenc  
P. F le t che r  W. L a u r i e  
J . Morneal  S. Korp 
J .  E a r l y  
Marshal l  Space Fl ight  Center ,  Huntsvi l le ,  Alabama 
P. M a r r e r o  
E. Reinbolt 
D. Lee 
Manned Spacecraft  Center,  Houston, Texas 
D. Lilly 
R.  Hotz 
R.  Kelly 
E. Walters  
H. Erwin  
S. D e r r y  
Hughes  personnel  making  the  presentation  were 
W. B. Br idges  (P ro jec t  Manage r )  
R .  A .  Brenan  
W. P. Kolb 
A. G. P e i f e r  
T. Hummel  (at  ERC,  MSFC,  MSC) 
C. J. E l i ades  ( a t  ERC)  
J. Juncker  (a t  MSFC) 
C. McKinney (at H a )  
A copy oi the  Hughes  proposal  and a ques t ionnai re   were   sub-  
mit ted to  the above centers  for  review prior  to  the meet ings.  I t  was 
hoped  that   future   requirements   for  a space  He-Ne  laser   could  be 
tentatively  defined as  to   the  performance  and  environmental   condi t ions.  
Only a l i t t le   information  on  future   specif icat ions  was  avai lable ,  
however ,   s ince  the  specif ic   space  projects   discussed  were not far enough 
along to generate f irm specifications.  As pointed out in Appendix A, 
each  mission  wil l   general ly   def ine a s p e c i a l   s e t  of requi rements  i f  the 
mis s ion   goa l s  a r e  specified  in  advance of the  component  development.  
Table I1 of Appendix A l is ts   the   environmental   specif icat ions  for   many 
of the   space   t rave l ing-wave   tubes   bu i l t   by   the   E lec t ron   Dynamics  
Division of Hughes Aircraf t  Company.  However ,  it is believed that 
t he   goa l s   s e t   fo r th   fo r   t h i s   p rog ram are  real is t ic   and  once  the laser 
is qual i f ied,  many space experiments  can be designed around the 
laser specification. 
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In   reviewing  the  proposed  design,   the   fol lowing  comments   were 
d iscussed .   Al l   cen ters   were   in   agreement   tha t   the   two-anode   des ign  
approach,which makes possible  power  supply  redundancy  was a good 
fea ture .  This  fea ture  a l lows  opera t ing  the  laser a t  reduced  power  
upon command and can be used   to   per form  cer ta in   exper iments .   In  
addi t ion ,  for  communica t ion  exper iments ,  cons idera t ion  should  be 
given in  the future  to  a means  of modulating the optical output. This 
is d iscussed   in   Sec t ion  11-C. 
The  operat ional   temperature   range  specif ied  in   Exhibi t  D of 
t h e   R F P   f r o m  -107OC to  +150°C  could  be  relaxed  for  any  projected 
appl ica t ions .  The  recommended tempera ture  range  based  upon pr ior  
expe r i ence  is a deviation of 5OoC, as indicated in Table 1; of 
Appendix A. However ,  the  center  tempera ture  of this 50 C wil l  vary 
f rom  mis s ion   t o   mi s s ion .  
The   opera t iona l   model   demonst ra ted   a t   the   cen ters   was   repre-  
sentat ive of the design approach. Refinement of this  design has  r e -  
sul ted  in   reduct ion of the over-all  package length to 16 in. and a 
square  c ross  sec t iona l  ou t l ine .  A rec tangular  c ross  sec t ion  is  p r o -  
posed as  an al ternat ive.  I t  was the general  feel ing that  a squa re  
c ross -sec t iona l   package   would   p robably   be   more   su i tab le   for   in te -  
grat ing  with  the  spacecraf t .  
E. CONTACTS WITH NON-NASA PERSONNEL 
In private conversations with W. B. Bridges,  E. I. Gordon of 
Bel l  Telephone Laborator ies  reported that  l i fe  tes ts  are  cont inuing 
there on both hot and cold cathode He-Ne lasers.  Elapsed t ime on 
these lasers  is in   excess  of 5000 hour s .  
A conference was held at  EDD with T. Musset and D. Morell i ,  
Opt ical  Coat ing Laborator ies ,  to  discuss  hard coated ul t raviolet-  
r e s i s t a n t   m i r r o r s   f o r   u s e   i n   i n t e r n a l   m i r r o r   l a s e r s .   S u c h   m i r r o r s  
have  been  subjected  to   experiments   a t   OCLI  to   ver i fy   ini t ia l   operat ion 
and have been found satisfactory.  Subsequently,  we obtained samples 
of these  coat ings  f rom  OCLI  and  have  a lso  found  them  sat isfactory.  
Dr.  U. Hochuli, University of Maryland,  was vis i ted by 
. A .  G. Peifer to   d i scuss   r e su l t s  of the extensive cold cathode experi- 
men t s  be ing  pe r fo rmed  the re .  The  expe r imen t s  a re  e s sen t i a l ly  an  
extension of those   repor ted   a t   the   conference   on  Laser Engineering 
and Applications, Washington, D. C. ,  June 1967.  The resul ts ,  
although pertaining to aluminum cathodes, certainly add validity to 
the  proposit ion  that   cold  cathode  He-Ne lasers can  have  extremely 
long life. This  is also verified by Hughes l ife tests using cold 
cathode devices .  
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F. LIFE  TESTS AND CATHODE STUDIES 
At the beginning of t he   p rog ram,  life t e s t s   were   a l r eady   unde r  
way on the Hughes Model 3082H tubes, shown in Fig. 111- 1 1.  This  tube  
is manufactured by Hughes for the K & E  al ignment  laser .  The cold 
cathode  used  in   this   tube is oxidized  tantalum  hollow  cathode  structure 
which had proven rel iable  in  several  previous tube designs.  The pro-  
posed SQL des ign   requi red   approximate ly   twice   the   ac t ive   bore   l ength ,  
so  that a s t ruc ture   cons is t ing  of two 3082H tubes joined at the open end 
of the cathode (left  end on Fig.  111- 1l )was  proposed .  The  resu l t ing  
glass tube, now designated type 3083H, is  shown in Fig.  111-12. Eight 
such  tubes  were  fabr ica ted  on  the  program:  SQL s / n - 1   t h r o u g h   s / n - 6 ,  
and  3083H s /n  1 and 2.  In addition, two modified 3083H tubes (identical 
to  that  in  Fig.  111-12 but 3 in .  sho r t e r )  were  bu i l t .  Of these tubes,  
SQL s / n  2, s / n  3, s / n  4, a n d   s / n  6 were placed on l i fe  tes t  during the 
c o n t r a c t  t e r m .  T h e  o v e r - a l l  r e s u l t s  are  summar ized  in  Table  111-2. 
The 3082H tubes a re  all s t i l l   operat ing  with no change in V - I  o r  
l a se r  ou tpu t  cha rac t e r i s t i c s  ( excep t  fo r  s /n  13 ,  wh ich  appa ren t ly  de -  
veloped a leak) .  The  SQL (3083H type) tubes all failed on life test in 
400 to  1300 hours  because of gas cleanup. Spectroscopic examination 
of the   d i scharge   a f te r  laser act ion  had  ceased  proved  that   no  contami-  
nan t s   were   p re sen t  - only  hel ium  and  neon  emission  l ines   were  seen.  
These  four   tubes  were  subsequent ly   taken  apar t   and  the  cathodes  were 
examined.  I t  was qui te  evident  f rom a visual examination of the inside 
of the  cathode  can  that  insufficient  oxidation of the   sur face   had   occur red  
during the processing cycle .  Consequent ly ,  the cathodes had sput tered 
a t   t he   r a t e   de t e rmined  by pure   t an ta lum,   and   gas   c leanup  occur red   in  a 
shor t  t ime.  (The  160  hour  life of s / n  3 p robab lycanbe  a t t r i bu ted  to  an  
experimental   cathode  configurat ion  which  has   subsequent ly   proven 
unsat isfactory.  ) To confirm that  the lack of proper  oxida t ion  occurred  
during  the  process   cycle   and  not   by  removal   during  tube  operat ion,  
3083H  type  cathodes  were  run  through  the  normal   process   cycle   and 
then cut open without being run in a d ischarge  tube .  The  ins ides  of t he  
cathodes were usual ly  shiny meta l ,  wi th  no  t race  of the dul l  grey 
su r face  cha rac t i s t i c  of the  proper ly  oxid ized  sur face .  We conclude 
that   the   change  in   geometry  introduced  by  c losing  both  ends of the 
cathode  can  prevented  adequate  oxidation of t.he inner   sur face   when  proc-  
essed with the 3082H process cycle.  A specla1 f ixture  was made to  
assure '   oxygen  entry  into  this   region,   but  no cathodes  have  yet   been 
processed with the new schedule and equipment.  I t  is q u i t e  c l e a r  f r o m  
the   successfu l   opera t ion  of the  3082H  tubes.   that   proper  cathode  proc- 
ess ing   wi l l   resu l t   in  a l i fe   g rea te r   than  7000  hours .  
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Fig .  111- 11. Hughes Model  3082H d i s c h a r g e  t u b e .  
47 
M 5919 
F ig .  111- 12.  Hughes Model  3083H discharge tube 
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TABLE 111-2 
Life  Test  Resul ts  ( to  18 January 1968)  
F e a t u r e  
Current   Mod.  
a t   10   kHz 
Reent ran t  
Cathode 
C e r a m i c  
Bore  
~ . "- 
~~ ~ _ _ _ _ _ _ _  
Status 
Running 
Fail e  d 
" ~" 
Running 
Running 
Running 
Fai led 
Fai led 
Fai led 
Fai led 
.~ 
Hours 
7 062 
1450 
2872 
280 1 
52 1 
1347 
16  1 
4  04 
435 
Comment  
No change 
Contamination, 
Dev.  Leak. 
No change 
No change 
No change 
Gas  cleaned  up 
Gas  cleaned  up 
Gas  cleaned  up 
Gas  cleaned  up 
A vibrat ion  shake  tes t   was  a lso  run  on  two  addi t ional   type 
3082H tubes   to   insure   tha t   the   can t i lever   bore   was   no t  a weak  point. 
Both  tubes  survived  sinusoidal  vibration  in  three  mutually  perpendi- 
cu la r   axes  at 0. 2 in double amplitude in the range 5 to  30 Hz, and 
8 . 6  g in  the range 30 to 2000 Hz. The vibration frequency was swept 
up  and  back ata r a t e  of 1 octave/min.  In  addition,  vibration  was  con- 
t inued  for 2 min at eachmain   resonance .   One   tube   suf fe red  a spotweld 
fa i lure  at a cathode lead. We may conclude that  the cant i lever  bore 
(which  will   be  even  shorter  and  better  supported  in  the  3072H)  will  
cause  no p rob lems .  
G.  MIRROR  MEASUREMENTS AND FABRICATION  TECHNIQUES 
It is quite  evident  from F i g s .  111- 1 and 111- 3 that  obtaining 
d ie lec t r ic   coa ted   mir rors   wi th   the   lowes t   poss ib le   losses  is c ruc ia l  
to the realization of a h igh  pe r fo rmance  l a se r .  Fo r  th i s  r eason ,  we  
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a t t empted   t o   compare   t he   bes t   mi r ro r   coa t ings   fo r   t he i r   pe r fo rmance ,  
b o t h   i n   e x t e r n a l   m i r r o r   l a s e r s   a n d   i n t e r n a l   m i r r o r   l a s e r s .   T h e   l a t t e r  
t e s t   w a s   n e c e s s a r y   t o   d e t e r m i n e  i f  t he   d i scha rge   u l t r av io l e t   o r   o the r  
poss ib le   d i scharge   agents   would   degrade   the   mir ror   per formance   wi th  
opera t ion .  The  problems of u l t r av io l e t  mi r ro r  deg rada t ion  were  d i s -  
cussed  a t  l ength  wi th  Dr .  T .  Musse t  of Opt ic4  Coat ing  Labora tor ies ,  
Inc. , Santa  Rosa,   California,  who r ecen t ly   has   beenconce rned   w i thmi r ro r  
deve lopmen t  fo r  i n t e rna l  mi r ro r  He-Ne  l a se r s .  OCLI  has  deve loped  
spec ia l  u l t rav io le t - res i s tan t  coa t ings  for  such  lasers  which ,  a t  the  same 
t ime,  re ta in  the  "hardness"  and  durabi l i ty  of the standard TiOx-SiO, 
coa t ings .  Normal  and  u l t rav io le t - res i s tan t  hard  coa t ings  were  obta ined  
f rom  OCLI   and   sof t   coa t ings   f rom  Spec t ra -Phys ics ,   Mounta in   View,  
California,  for evaluation. Table 111-3 l i s t s  t h e  c h a r a c t e i i s t i c s  of the 
m i r r o r s  c o m p a r e d .  T h e  l a s t  f i v e  m i r r o r s  i n  t h e  list a r e  d i e l e c t r i c -  
coa ted   Brewst .e r ' s   angle   ha l f -pr i sms  of the type proposed for the final 
d e s i g n .  T h e  r e m a i n i n g  m i r r o r s  w e r e  c o a t e d  on s tandard  15 m m  d i a m -  
e t e r  by 11 mm th ick   fu sed - s i l i ca   subs t r a t e s .  
I t   would  have  been  most  desirable  to  have a full   range of t .rans- 
miss ions   and   rad i i  of cu rva tu re   f rom  each   manufac tu re r  s o  t h a t   m i r r o r  
loss  a lone could be compared.  Considerat ions of economy and del ivery 
t ime   l imi t ed   ou r   s e l ec t ion   somewha t   t o   mi r ro r s   and   subs t r a t e s  on hand 
or  readi ly  ava i lab le .  Because  of the  var iab i l i ty  of t ransmiss ion  in  the  
Spec t r a -Phys ic s   commerc ia l   coa t ings ,  we were  ab le  to  cover  a s o m e -  
what  la rger  range  of t r ansmiss ions  than  we or iginal ly  thought .  Fig-  
u r e  111-13 compares   output   powers   for  a few of t h e   m i r r o r s   m e a s u r e d .  
It would appear   that   about  1% t ransmiss ion   was   the   op t imum  va lue   for  
t h i s   l a se r ;   however ,   such  a conclusion  would  require   that   the   losses   in  
t.he m i r r o r s   c o m p a r e d  all were  equal   and  that   the   same  cavi ty   mode 
osc i l l a t ed  each  t ime .  Fo r  200 and 300 c m  m i r r o r s  t h e  m o d e s  w e r e  
s imi la r   and  of t he   o rde r  of TEM20 in a 3 mm  tube .   The   h igher   power  
output of the 120 c m   m i r r o r s   s h o w n   o n   F i g .  111-13 re su l t s   f rom  the  
la rger   f i l l ing   fac tor  of the TEMqo-TEMgO modes typical in a 3 mm 
tube.  These experiments  were performed with the tes t  r i g  shown in 
F ig .  111- 14 (tube  SQL s / n -  1 in  place)  which  could  be  run as an   i n t e rna l  
m i r r o r  l a s e r  o r  B r e w s t e r ' s  a n g l e  window l a s e r .  T h e  l a t t e r  a r r a n g e -  
ment   was   used   for   mos t  of  t he   compar i sons ;   t he   i n t e rna l -mi r ro r   com-  
par isons  reported  in   Sect ion 111-B were  all   made  with  sealed-off  tubes.  
F r o m   s e v e r a l   i n t e r c o m p a r i s o n s  of both output and high reflec- 
t a n c e   m i r r o r s ,  we determine  that   the   best   hard  coat ings,   both  normal  
and   u l t r av io l e t - r e s i s t an t ,   pe r fo rmed   a s   we l l   a s   t he   bes t   so f t   coa t ings .  
Both  produced  satisfactory  output  power  (better  power  per  unit   length 
than  the  best   lasers   l is ted  in   the  s ta te-of- the-ar t   survey,   Sect ionIII-C).  
The   coa ted   p r i sms   were   a l so   compared   among   t hemse lves   and  
with dielectr ic-coated flat m i r r o r s .  A typ ica l  compar ison  is  shown in 
F ig .  111-15. F rom these  and  o the r  runs  we conclude that  the best  
c o a t e d   p r i s m s   a r e   a l m o s t  as good as the   bes t   f la t   mir rors   and   would  
5 0  
TABLE 111-3 
M i r r o r   C h a r a c t e r i s t i c s  
S I N  
3 14 
31 5 
318 
S P - A  
SP-B 
SP-c 
SP-I: 
SP-E 
SP- F 
S P - G  
S P - H  
0- 1 
0-2 
0- 3 
0-4 
0- 5 
0-6  
0-7 
0-8 
SP-x 
SP- Y 
SP- z 
0-x 
0 -  Y 
MFGR 
- "_ 
oc LI 
oc LI 
oc LI 
S P  
S P  
S P  
S P  
S P  
SP 
SP 
SP 
oc LI 
oc LI 
oc LI 
oc LI 
oc LI 
oc LI 
oc LI 
oc LI 
SP 
SP 
SP 
oc LI 
oc LI 
~~ -
Radius, 
cm 
200 
200 
_ _ - ~  
W 
3 00 
300 
W 
W 
120 
120 
300 
300 
2 0 0  
W 
200 
4 87 
W 
W 
W 
2 00 
W 
03 
W 
W 
00 
~ ~ ~ _ _ _ _ _  . ~~ 
T r a n s .  
Nom. , 70 
0.7  
0 . 7  
< 0. 01 
1 .  6 
1 .  6 
0 .  0 5  
0 .   0 5  
0 .  5 
0.  5 
1 .  6 
1. 6 
1 . 0  
1 . 0  
1 . 0  
1 . 0  
0. 001 
0.001 
0.. 00 1- 
0.001 
0. 05 
0. 0 5  
0 .  05  
< . O l  
< . O l  
~- ~- 
~- 
T r a n s .  
Meas. ,'% 
0 .  6 
0 . 6  
< 0 . 0 1  
2 . 0  
2 . 3  
< o .  1 
< o .  1 
1 . 0  
0 . 7  
1. 5 
2 . 4  
__ . -. . . " 
- 
- 
- 
- 
- 
- 
- 
- 
( p r i s m )  
( p r i s m )  
( p r i s m )  
( p r i s m )  
( p r i s m )  
- ~ ~- 
Comment  
" .. 
Normal ,  ha rd  coa t ing  
Normal ,   ha rd   coa t ing  
Normal ,  hard  coa t ing  
Commerc ia l ,  sof t  coa t ing  
Commerc ia l ,  sof t  coa t ing  
Commerc ia l ,  sof t  coa t ing  
Commerc ia l ,  sof t  coa t ing  
Commerc ia l ,  sof t  coa t ing  
Commerc ia l ,   sof t   coa t ing  
Commerc ia l ,  sof t  coa t ing  
Commerc ia l ,  sof t  coa t ing  
UV-Resistant,  hard coating 
UV-Resistant,  hard coating 
UV-Resis tant ,  hard coat ing 
UV-Resistant,  hard coating 
UV-Resistant,  hard coating 
UV-Resistant,  hard coating 
UV-Resistant,  hard coating 
UV-Resis tant ,  hard coat ing 
Normal,  soft  coating 
Normal ,  sof t  coat ing 
New type, hard coating 
UV-Resistant,  hard coating 
UV-Resistant,  hard coating 
51 
4 €945-21 I 1 
HI REF: = S I N  318 
SIMILAR MODES, 120cm MIRRORS 
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F i g .  111-13. Output power as  a function of m i r r o r  t r a n s m i s s i o n  
( tube SOL S,/N 1 ) .  
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F i g .  111-14. M i r r o r  t e s t  l a s e r  u s e d  a t  b e g i n n i n g  of p r o g r a m .  T u b e  
shown i s  SQL S/N 1 .  
MIRROR 0-1 USED AS OUTPUT 
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Fig .  111-15. Rela t ive  output  for  severa l  mir rors  and  coa ted  
Brews te r  ang le  ha l f -p r i sms .  Measuremen t s  were  
all taken  in   the  sequence  shown to a s su re   no   changes  
in  ou tpu t   f rom  sou rces   o the r   t han   mi r ro r  loss. 
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undoubtedly  be  better  than a flat mir ror -p lus-Brewster ' s   angle   window.  
We had  hoped  to  make  this last comparison  direct ly ,   but   did  not   have 
suff ic ient   t ime.  
In addition  to  verifying  satisfactory  operation of existing  coat-  
ings,  a technique  was  worked  out   for   seal ing  the  output   mirror   (or   win-  
dow) onto the laser without the need for epoxy or other cement. The 
technique  developed  allows  heliarc  welding of the   mir ror   on to   the   com-  
pleted  metal-ceramic  tube as the   f ina l   assembly   s tep ,   thus   assur ing   the  
c leanes t  poss ib le  tube  and  mir ror  sur faces .  F igure  111-16 shows a c r o s s  
section  drawing  and a p ic ture  of t he   mi r ro r   b l ank .  In this  technique, a 
plug of Corning 7052 Kovar   seal ing  glass  is wetted onto a Kovar  eyelet ,  
and  then  both  f ront   and  back  surfaces   are   ground  and  pol ished.   After  
coating, the Kovar flange is hel iarced  to  a similar flange on the com- 
p le ted  meta l -ceramic  envelope .  S ix teen  mir ror  b lanks  were  fabr ica ted  
in   t h i s   manner ;   s eve ra l   were   examined   fo r   s t r a ins   o r   d i s to r t ion   i n  a 
Twyman-Green  interferometer   af ter   pol ishing  and  a lso  af ter   welding  to  
the vacuum test  f ixture shown in Fig.  111-17. No  d i s to r t ionwas  obse rved  
in  any case.  Ten blanks were sent  to  OCLI for  gr inding ( to  200 c m  
spherical  surface)  and coat ing.  Unfortunately,  these mirrors  were not  
received  in   t ime  to   be  compared  for   output   power  with  the  other   mirrors  
used  in  the  tes t  r ig .  However ,  these  meta l - to-meta l  mir rors  a re  be ing  
used  on the  metal-ceramic  envelope  now  being  assembled.  
An alternative  technique was also  investigated  and  found satis- 
factory (although somewhat more bulky).  Figure 111-18 shows a c r o s s  
sect ion  view of a mi r ro r   a s sembly   f i x tu re   u s ing  a metal   V-sealhk  used 
in checking this concept with a quartz  flat. A ca lcu la ted  compress ion  
in  the  V-ring is achieved by close  control  of the  f ixture   dimensions.  
The   spr ing   meta l   base  of the   V-r ing   main ta ins   th i s   p ressure   even   under  
wide  temperature   var ia t ions,   whi le   the  duct i le   metal   p la t ing  on  the  r ing 
supplies the seal. W e  feel this method is a sa t i s fac tory  a l te rna t ive  to  
the   he l ia rced   mir ror ,   a l though it r e q u i r e s  a somewha t   more   mass ive  
s t ructure  to  handle  the compressive forces .  The V-seal  a lso would be 
a t t r a c t i v e   i n   l a s e r s   r e q u i r i n g   m i r r o r   s u b s t r a t e s   o t h e r   t h a n  7052 g l a s s  
( for  example ,  the  C02 laser ) .  
H. POWER  SUPPLY TEST RESULTS 
The  proposed  power  supply  design  was  discussed  in   detai l   in  
Section 11-D. In this  sect ion we present  tes t  resul ts  on a breadboard  
ve r s ion  of one complete section. (In addition to this breadboard 
I. 
T r a d e   n a m e  of Parker   Meta l   V-Sea l   Rings ,   Parker   Sea l   Company,  
Culver City,  California.  
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E945-22 
WELD RING 
M5921 
F i g .  111-16. Cross  sec t ion  ske tch  and  pho tograph  
of m e t a l - t o - m e t a l   m i r r o r   d e v e l o p e d  
u n d e r   p r e s e n t   p r o g r a m .  
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Fig .  111-17. F i x t u r e  t o  t e s t  w e l d i n g  p r o c e d u r e s  a n d  
v a c u u m   p r o p e r t i e s  of m e t a l - t o - m e t a l  
m i r r o r s .  
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THIS DISTANCE SET TO 
COMPRESS V-RING A 
FIXED AMOUNT 
L945-23 
MIRROR 
VACUUM SUBSTRATE 
F i g .  111-18. Cross  sect ional  view of a l t e rna t ive  mi r ro r  s ea l ing  
technique  using a compressed   me ta l   V- r ing .  
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version,   one  complete   dual   power  supply  was  bui l t   wi thout   the  magamp 
regula tors   and   te lemet ry   c i rcu i t s   and   incorpora ted   in to   the   demonst ra -  
t ion  uni t   descr ibed  in   the  next   sect ion.  ) 
F i g u r e  111-19 g ives   t he   cu r ren t   va r i a t ion   i n  a res i s t ive   load  
(not   the  laser)   when  the  input   l ine  vol tage is changed  f rom  24  to  32 V. 
F i g u r e  111-20 g ives   the   cur ren t   var ia t ion   exper ienced   when  the   va lue  
of the  res i s t ive  load  is changed.  The probable  excursion of t h e   l a s e r  
impedance   dur ing   changes   in   gas   p ressure   dur ing   the   usefu l   l i fe  of the  
tube is ind ica ted  on  the  f igure .  F igure  111-21 shows the variation of 
t h e   c u r r e n t   i n  a res i s t ive   load   wi th   t empera ture   over   the   range  -2OOC 
to +5OoC for both high and low line voltages.  Figure 111-22 shows the 
same data but with a 3083H l a se r   t ube  as a load. Evidently the laser 
d i scharge   charac te r i s t ics   change   wi th   t empera ture   and   y ie ld   be t te r  
over -a l l   regula t ion   for   the   combina t ion   than   for  a s i m p l e   r e s i s t i v e  
load. 
I. PROTOTYPE  LASER UNIT 
Although  not  required  to  build  an  operating  laser  by  the  con- 
t r a c t   w o r k   s t a t e m e n t ,  we  felt   that   the  best   method of uncovering new 
c r i t i ca l   l a se r   des ign   a r eas   was   t o   bu i ld  a prototype unit, including 
laser ,  cavi ty  support ,  power supply,  and exter ior  package in  the 
configurat ion or iginal ly  proposed.  Such a unit w a s  fabr icated and 
demonst ra ted   to  NASA personnel   in   October  1967 (see Section III-E).  
The   demonst ra t ion   p rompted   severa l   comments   and   sugges t ions .  
There  was  general   agreement  that   i t   would  be  highly  desirable  to 
decrease  the  over -a l l  l ength ,  if  possible,  from 21 in.  to 16 in.  We 
have   de te rmined   tha t   th i s  is f eas ib l e ,   and   ou r   p roposed   des ign   i s  now 
f o r  a 16 in .  over-al l  package length.  The prototype did serve to con- 
f i rm   the   p rac t i ca l i t y  of our power supply and package design. The 
laser   tube  and  cavi ty   support   were  not   intended  to   be  exact   prototypes 
because  of t ime and economic l imitat ions:  a glass  tube with external  
m i r r o r s  w a s  used   r a the r   t han  a me ta l - ce ramic   ve r s ion ,   and  a s imple  
tubular   a luminum  cavi ty   suppor t   sys tem w a s  employed  ra ther   than  the 
composi te  beryl l ium type proposed.  Nevertheless ,  the prototype 
worked  extremely  wel l   whi le   being  t ransported  to   the  var ious NASA 
fac i l i t i e s ,   w i thou t   mi r ro r   o r   o the r   ad jus tmen t s   be ing   r equ i r ed .  
F i g u r e  111-23 shows  the   ex te r ior  of t he   l a se r   and   F igu re  111-24 the 
in t e r io r .  The  ove r -a l l  d imens ions  a re  g iven  in  F ig .  111-25. 
Bui lding  the  prototype  a lso  a l lowed  us   to   make  an  accurate  
weight  project ion.  The measured weight  budget  for  the prototype is 
given in Table 111-4. Using magnesium and beryl l ium instead of 
a luminum  would  have  reduced  the  prototype  f rom  16.  1 to   13.4  lb .  
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Fig.  111-23. Pho tograph  of prototype SQL demonst ra t ion  uni t .  
D F i g .  111-24. Photograph of prototype SQL i n t e r i o r   s h o w i n g   l a s e r   m i r r o r   s u p p o r t  
UI s t r u c t u r e  and power  supply  c i rcui t   boards .  
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Fig.  111-25. Dimensions of prototype unit. Proposed design has been reduced to 16 in. 
over-al l  1e.ngth. 
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TABLE 111-4 
Weight Budget 
€945-24 
PROTOTYPE 
( 21in.l 
(ACTUAL ) 
5.9 Ib (AI 1 
4.7 
4.0 ( A I )  
0.5 (GLASS 1 
I .o 
/6. / /& 
PROTOTYPE 
3.8 Ib (Mg 1 
4.7 
2.8 
I .5 
0.3 
0.3 
PROPOSED 
DESIGN 
(16 in. l 
2.91b (Mq 1 
4.7 
2.2 
I .2 
0.3 
0.3 
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Shortening  the  laser   to   the  new  proposed  length  should  fur ther   reduce 
the weight to 11. 6 lb. A s l ight ly  greater  weight  saving may be 
r ea l i zed  by fur ther   power  supply  opt imizat ion,   especial ly   in   magnet ics ,  
s ince   the   magnet ics   for   the   p resent   supply   were   very   conserva t ive ly  
designed.  
J. RELIABILITY  PREDICTION  AND  STRESS  ANALYSIS  FOR 
3072H LASER 
The   over -a l l   re l iab i l i ty  of the   in tegra ted   l aser   and   power   sup-  
p l i e s   may   be   expres sed  as  the   p roduct  of the  probabili ty of m i s s i o n  
success  fo r  each  of i t s  ma jo r  subassembl i e s .  In  the  Phase  I design,  
the   over  -all laser   un i t   has   two  d i scharge   sec t ions   wi th in  a common 
meta l -ceramic  vacuum envelope .  Each  sec t ion  has  separa te  power  
suppl ies  which provide the anode and s tar t ing vol tages .  Note that  the 
cathode is at  ground potent ia l  and operates  in  the.  "cold" mode.  Thus,  
the   p robabi l i ty   tha t   the   in tegra ted   l aser   p rovides   fu l l   power   ou tput  of 
5 mW (i. e . ,  no f a i lu re s )   may   be   expres sed  as the  probabi l i ty   that  all 
subassembl i e s   ope ra t e :  
Rlaser 
2  2 
R~~ x R~~~ x R~~~ 
where  
R l a s e r  reliabil i ty of the  integrated  laser   and  i ts   power suppl ies   (probabi l i ty   everything  works)  
R P S  
LDS 
re l iab i l i ty  of one power supply 
re l iab i l i ty  of one   d i scharge   sec t ion  
re l iab i l i ty  of the   common  laser   tube   vacuum-  
RVEp envelope  and  package. 
The   Phase  I design  effect ively  provides  a redundant  mode of opera t ion  
which, upon failure of one power supply or  discharge element ,  a l lows 
pe r fo rmance  a t  approx ima te ly  3 5% of the power output.  Thus,  effective 
redundancy allows a mode. of degraded  per formance  (Mode 2) .  The  
probabi l i ty  of successful   operat ion  in   this   mode is  e x p r e s s e d  by the 
s e r i e s - p a r a l l e l  m i s s i o n  s u c c e s s  d i a g r a m  of F ig .  111-26. The  miss ion  
success   d i ag ram  demons t r a t e s   t ha t   t he   l a se r   ou tpu t  w i l l  fail only  when 
both  power  supply- laser   tube  combinat ions  or   the   vacuum  envelope 
fails. The fall-off of output power due to cathode wearout or contami- 
nation is a phenomenon  which  could  be  predicted i f  s t a t i s t i ca l   da t a   were  
ava i lab le .  Therefore ,  th i s  is  not  cons idered  a MTBF, but a l i fe t ime 
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Fig .  111-26. Rel iab i l i ty   d iagram,   degraded   mode  2 operation. 
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l imi t ing  fac tor .  The  probabi l i ty  tha t  the  in tegra ted  laser wi l l  opera te  
in   the  degraded  mode is RDL expres sed   f rom  the   r e l i ab i l i t y   b lock  
d i a g r a m  as follows: 
The   pred ic ted   re l iab i l i ty  of the  3072H  laser   uni t  is shown  in   Fig.  111-27. 
This   f igure   shows  the   re l iab i l i ty   and   mean- t ime-be tween-fa i lures   for  
no fa i lure   ( fu l l   per formance)   and   for   the   degraded   mode  of operat ion 
which provides 35%of the power output at  the t ime of fa i lure .  In  addi-  
t ion ,   curves  a r e  provided  for   the  effect   on  re l iabi l i ty   and  MTBF of 
us ing   Mi l -Spec   par t s   (proposed   for   Phase  11) and   t he   u se  of high 
re l iab i l i ty   par t s   which   may  be   d i rec t ly   subs t i tu ted   in   any   fo l low-on 
f l ight  uni t  program. This  analysis  of reliabil i ty is based upon actual  
Hughes   l aser   l i fe   t es t   exper ience   and   fa i lure   ra te   da ta   co l lec ted   f rom 
electronic components.  
Hughes /EDD  has   accrued   over   15 , .000   hours  of life t e s t   o p e r a -  
t ion on the cold cathode 5 m W  3082H, He-Ne (cw) family of lasers.  
T h e s e  d a t a  a r e  s u m m a r i z e d  i n  T a b l e  111-5. T h e s e  d a t a  a r e  f u r t h e r  
supported by 18, 000 hour l ifetimes achieved by U .  Hochul i ,  e t  al. 
(Ref,  111-15). With these data  and the rapidly changing s ta te  of t h e  a r t ,  
a conserva t ive   25 ,000   hour   mean- t ime-be tween-fa i lures   o r   g rea te r  
is p red ic t ed  fo r  t he  5 m W  He-Ne laser .  This  pred ic t ion  i s  on ly  
l imited by the amount of da t a  acc rued  to  da t e .  As a comparison,  the 
in i t ia l   p red ic ted   l eve ls   for   the   Hughes   medium  power   TWT's   were  
20, 000 hours   mean-t ime-to-fai lure   based  upon  l imited  l i fe   tes t   data .  
Subsequent   l i fe   tes ts   have  shown  that   these  metal   ceramic  tubes 
exhib i t   an   inherent   mean- t ime- to- fa i lure  of g rea t e r   t han  1 .  5 mill ion 
hour s .  
"
Many of the  techniques  used  in   these  high  re l iabi l i ty   tubes a re  
being  used  in   perfect ing  the  metal-ceramic  Phase 11 H e - N e   l a s e r .  
For  example ,  the  Hughes  meta l -ceramic  sea l  techniques  used  in  these  
tubes  a re  be ing  used  for  the  laser  vacuum envelope .  This  type  of 
vacuum  sea l   has   acc rued   ove r  1 .  5 mil l ion  hours  of f a i l u r e   f r e e   p e r -  
f o r m a n c e  o n  s u c h  s p a c e  p r o g r a m s  as Surveyor ,  Syncom, ATS, E a r l y  
Bi rd ,  In te l sa t ,  P ioneer ,  and  Lunar  Orbi te r .  
The  re l iabi l i ty   predict ion  for   each  power  supply  is   based  upon 
an   ana lys i s   u s ing   ac tua l   e l ec t r i ca l   s t r e s s   l eve l s   fo r   a l l   componen t s .  
Ci rcu i t   des ign   and   dera t ing   leve ls   have   been   se lec ted   to   op t imize  
e f f ic iency ,   re l iab i l i ty ,   weight ,   e tc .   This   ana lys i s   p resents   fa i lure  
r a t e s   f o r  a power  supply  which  employs  either  Mil-Spec  level  or  high 
rel iabi l i ty  par ts .  I t  is proposed that  the Mil-Spec electronic  par ts  
be   incorpora ted   in to   the   l asers   fabr ica ted   for   Phase  I1 achieving  the 
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TABLE  :III-5 
Power Supply Parts Count  and Fai lure  Rate  Data  
(For  One Power Supply)  
Part Type 
T r a n s i s t o r s  
Diodes 
Capac i to r s  
R e s i s t o r s  
Magnetics and 
Feed-Through  Caps 
I- 
- 
L 
Number of 
Components 
15 
34 
15  
41 
9 
Tota l  Fa i lure  Rate  (x x 10-6) 
MIL-Spec 
x x 10-6 
3 .  510 
8. 550 
2 .404  
0 . 2 9 1  
I .  800 
HI-Reliability 
x x 10-6 
0 .778  
1.  596 
0 . 8 9 0  
0.  156 
0.  180 
" 
16. 555 3.600 
rel iabi l i ty  level  indicated by Fig.  111-27. Additionai part  precondi- 
t ion ing   and   parameter   sc reening   may  be   employed   for   space   f l igh t  
hardware   in   o rder   to   ach ieve   the   h igh   re l iab i l i ty   par t   l eve l .  
The   f a i lu re  rates using Mi!.-,Spec p a r t s   a r e   s e l e c t e d   f r o m   t h o s e  
given in  MIL-HDBK-,217A, I iRel iabi l i ty  Stress  and Fai lure  Rate  Data  
for  Electronic  Equipment .  These high rel iabi l i ty  par t  fa i lure  ra te5 
a re  conserva t ive ly   based   upon  Hughes   space   p rograms  par t   da ta   and ,  
the document  ent i t led,  "Dormant  Operat ing and Storage Effects  on 
Elec t ronic   Equipment   and   Par t   Rel iab i l i ty ,  ' I  writ ten  under   Rome  Air  
Development Center 's  Technicai Report  Number TR-66348. It. should 
be  noted  that   there  is a s igni f icant   improvement   in   re l iab i l i ty  by using 
high rel iabi l i ty  components  (see Fig.  111-27). Hughes  fa i lure  ra te  da ta  
have proven val id  for  Hughes space qual i f ied par ts .  These fai lukes 
on Hughes  spacecraf t   have  been  predicted  based  upon  these  fa i lure  
ra tes ,   wi th   only  two  occurr ing to date .  
The reliabil i ty of t he   t e i eme t ry   c l r cu i t s  has not been included 
in  th i s  pre l iminary  ana lys i s .  The  te lemet ry  por t ion  of the laser and 
power supply is  designed to be fai lsafe;  i .  e . ,  faii.ure of any   t e l eme t ry  
point  will   not  cause a ca t a s t roph ic   f a i lu re  oi the   power  supply  or  
laser.  S ince  the  te lemet ry  c i rcu i t s  a re  designed failsafe, they will 
no t   a l te r   the   over -a l l   re l iab i l i ty  of the  integrated  power  supply  and 
laser. 
7 2  
The  de ta i led   component   par t   s t ress   and   dera t ing   ana lys i s  is 
presented in  the fol lowing pages for  one power supply.  The second 
power  supply  operates   under   ident ical   condi t ions  and  exhibi ts   the  
s a m e  f a i l u r e  r a t e .  T h i s  s t r e s s  a n a l y s i s  is based upon calculated 
e l ec t r i ca l   and   t he rma l   s t r e s s   l eve l s   expe r i enced   du r ing   equ ipmen t  
ope ra t ion   encompass ing   c r i t i ca l   pa rame te r s   fo r   each   pa r t .   The   pa r t s  
count is based  upon  the  power  supply  design as defined  by  the  sche- 
mat ic  Diagram B 190074 dated 15 January 1968. The analysis shows 
tha t   the   appl ied   par t s   dera t ing   leve ls   a re   cons is ten t   wi th   space   p ro-  
g r a m   r e q u i r e m e n t s  of a re l iab le   des ign   wi th   maximum  per formance  
a t  a minimum  dc  input  power  level.  
The   component   par t   s t ress   and   dera t ing   ana lys i s  is p re sen ted  
in  tabulated form by generic  par t  type.  In  general ,  the  worst  condi-  
t ion  was  used  to  ca lcu la te  the  e lec t r ica l  s t ress .  The  maximum 
sa tura t ion  vol tage ,  maximum leakage  cur ren t ,  maximum appl ied  
vol tage ,   and   o ther   such   component   par t   parameters   were   used   to  
ob ta in  the  max imum s t r e s s  l eve l s .  These  va lues  a re  compared  wi th  
the  ra t ing of the   component   par t   a t   an   es t imated   basepla te   t empera-  
t u r e  of 5OoC. The rated value for  each component  includes derat ing 
due  to  the  tempera ture  r i se  above  th i s  base  p la te  tempera ture .  The  
s t ress   analysis   sheets   for   one  power  supply  fol low.  
7 3  
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1.0 PURF'OSE 
1.1 The purpose  of t h i s  document is t o  o u t l i n e  t h e  s teps  and condi t ions  to  
be implemented in  qual i fying an integrated laser and i t s  power supply 
for space application. 
2.0 APPLICABLE DOCUMENTS 
2.1  Qual i f icat ion Test Procedure 
2 . 2  Laser Outline and  Mounting  Drawings 
3.0 SCOPE OF TESTS 
3.1 The qua l i f i ca t ion  tests are  designed to  evaluate  the laser and 
power supply performance in severe simulated space environments. 
These tes ts  are to consist  of temperature cycling, vibration, shock, 
acceleration, and thermal-vacuum  environments.  The  nvironmental 
qua l i f i ca t ion  tes ts  w i l l  be performed on one uni t  in  accordance with 
a docunented test  procedure,  
3 .2  A t  the conclusion of the environmental  qualification tests,  t he  l a se r  
will be placed on r e l i a b i l i t y  l i f e  tes t .  The r e l i a b i l i t y  l i f e  t es t s  
w i l l  consis t  of  a two month thermal vacuum tes t  followed by a s ix teen  
month cont inuous  l i fe  t e s t  under  normal  laboratory  conditions. Each 
laser u n i t  w i l l  undergo functional tes ts  a t  t he  time in t e rva l s  
specified in Table  I. 
3 . 3  The environmental  qualification t e s t  sequence t o  be perfofmed  and 
the  stress leve ls  are specif ied in  Table  I and Section 5.0 respeet-  
ively.  The chosen stress leve ls  sha l l  p rovide  an  ind ica t ion  of  the  
ruggedness of the metal-ceramic design approach. A review  of 
Section 5.0 revea ls  the  sever i ty  of the environmental extremes through 
which the  laser package must successfully perform. Table I1 compares 
t h e  laser qua l i f i ca t ion  stress levels with those of other space 
programs 
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TABLE 1 
TEST SEQUENCE 
ENVIRONMENTAL QUALIFICATION TESTS 
1. 
2. 
3. 
4 .  
5. 
6. 
-7 . 
8. 
9. 
10. 
11. 
Complete Functional Test 
Sinusoidal Vibration 
Complete Functional Test  
Random Vibrat ion 
Complete Functional 
Shock 
Complete Functional 
Temperature Cycling 
Complete Functional Test 
Acceleration  Test  
Complete Functional Test  
RELIABILITY LIFE TESTS 
1. 
2. 
3. 
4 .  
5.  
Thermal-Vacuum Test: (60 days) 
CompLete Functional T e s t  
L i f e  Test for 16 Months 
Perform Daily Visual Test on Normal Days 
Perform Complete Functional Test a t  
500 * 50 hours i n t e rva l s  and record data 
TESTING MODE 
Non-Operational 
Non-Operational 
Non-Operat ional  
Non-Operat iona l  
Non-Operational 
ON-OFF Cycle 
Continuous  -Operation 
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TABU I1 
RAiiDOM 
VIBMTLON SHOCK TESTS 
- - -_ I - .  - 
SINUSOIDAL 
VIERATION 
ACCELERATION 
LEVELS 
Leve 1 
THERM0 VACUUM 
T Freq. Peak-G ' 
HZ Level ~ 
Temperapre 
Low High 
O C  C 
Peak G 
Leve 1 
Shape Time Level 
g2/cps 
Freq.  in 
c PS 
" 
100-480 
480-570 
570-630 
630-670 
670-2000 
I 
20-150 
150-300 
300-2000 
20-150 
150-300 
300-2000 
20-2000 
20 - 500 
500-2000 
150 -300 
Roll  off  
below 
150Hz 
Above 
300 Hz 
5-30 
30-700 
700-900 
900-2000 
Voc . i n  
Torr. 
- 
.oo 
- 
38 
- 
84 
- 
43.2 
65.5 
- 
5 
" 
25 
4 
-24 
-12.3 
-20.5 
0.07 36g'e 11 ma - 
2.40 
0.07 
2.20 
0.07 
0.01 2Og'e 8 ma 112 e ine  
3d3 /oc t 
0.02 
Ramp. 
I 
i- ATS 10-25 
25-250 
240-400 
400-2000 
1.5 
7.7 
12.3 
5.0 
I 
I. 
" 
.4'/:: DA 
18.0 
3 :5
10 -3 5 
35-120 
120-2000 
5-22 
22-2000 
10 - 500 
500-2000 
IJJNAR 
ORBITER 
0.9 DA 
12 
-2 ii - 14 
780 to-1: 
2 .5~10  
"- 
14g'e  5 min. 
506'8 3 min. 
Thrust' 5 min. 
ax is  5.6g 
l .0g's 
norma 1 
t o   t h r u s t  
axie  
~~ 
PiONEER 5 
10 
0.03 I 50g's I 6 ms 1 *k-ks.T, 
0.07 
5-26 
26-52 
52-500 
f 1.3g 
t 5.0g 
,036DA 
I I 
1,O: I 2" drop on f i r  bench -3 6 
O* 
VOYAGER 
LASER 
3072H 
4db/oct 4" drop on each  edge 
6db/oct 
~ ~~ 
5 -30 
30 -2000 
50* 0.2 DA 
8.6 
l og ' s  3 min. 
20g'a 
18d3/oc t 
0.18 
! * Minimum and maximum teinperature can be  changed to the epecific miseion requirement,  but the  deviat ion (A) muet 
not exceed 5OoC t o  ma in ta in  spec i f i ed  performance. 
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3.4 The e l e c t r i c a l  and environmental requirements are descr ibed  in  
Sections 4.0 and 5.0 respectively. The qua l i f i ca t ion  tests s h a l l  
be performed i n  accordance with the applicable paragraphs of a 
Qual i f i ca t ion  Test Procedure, and i n   t h e  sequence of tests as l i s t e d  
in  Table  I whenever possible. Environmental tests may be  performed 
i n  any sequence i f  a v a i l a b i l i t y  of environmental test equipment is 
a determining factor. 
4 0 ELECTRICAL REQUIREFENTS 
4.1 The in tegra ted  laser  and  power supply shal l  meet t h e  e l e c t r i c a l  re- 
quirements applicable to the 3 0 7 2 ~  User. The following i s  a tabulat ion 
of the electr ical  parameters  for  the 3072H Laser: 
,OPERATIONAL MODE 
Input Voltage, 24 t o  32 VDC 
Turn-on Time, 6 seconds 
Command-ON, 4 t o  8v pulse 
Output Power, 5mw minimum, CW,TEMo 
Frequency, 6328"A 
Input Power to  be  Specified.  
Polarization, .001 
Beam Diameter, 2mm Maximum 
Divergence - to  be  Specified 
Angular Deviation - t o  be  specif ied 
TELEMETRY OUTPUTS 
Temperature 0-5 VDC 
Pressure 0-5 VDC 
No. 1 Anode Voltage 0-5 M C  
No. 2 Anode Voltage 0-5 VDC 
Output Power 0-5 VDC 
No. 1 Anode Current 0-5 VDC 
No. 2 Anode Current 0-5 VDC 
The complete  funct ional  tes t  shal l  include a v e r i f i c a t i o n  
these specified parameters.  Other tests shall  be added 
i f  addi t iona l  in format ion  i s  needed t o  optimize design and performance. 
5.0 ENVIRONMENTAL REQUIP3MENTS 
5.1 The environmental tests a re  des igned  to  qua l i fy  the  laser  for  the  most 
prdlent  space  environments.  These  environmental tests a r e  s i m i l a r  
t o  those required on other space programs. A Qualification Test 
Procedure s h a l l  be employed t o  provide orderly methods of t e s t ing  the  
laser .  
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5.1.1 Vibra t ion  sha l l  be i n  each of three mutually perpend'icular 
axes as follows: 
5.1.1.1 Sinusoidal  Vibration 
0.2" D . A .  from  5-30 c p s  
8.6 G I s  peak from 30-2000 cps 
Sweep the frequency range up and back once a t  a 
sweep r a t e  of  one  octave p e r  minute. Resonance 
frequencies shall be noted, dwell a t  t h e  f o u r  main 
resonance peaks f o r  two minutes. 
5.1.1.2 Random Vibration 
5-30 cps from 0.02 t o  0.61 g /cps 2 
2 
30-700 CPS -- 0.61 g /CPS 
700-900 cps -18 db/octave 
900-2000 CPS -- 0.18 g /CPS 2 
Duration - five minutes p e r  ax is .  
5.1.2 Shock s h a l l  be i n  each of three mutually perpendicular axes. 
5.1.2.1 The shock pulse shall be a terminal peak sawtooth of 
78 G I s  * 10% f o r  a duration of 10:; milliseconds. 
The decay  ra te  sha l l  be  not  more than 10% of the 
to t a l   du ra t ion .  
5.1.3 Temperature cycling shall  be from -40°C to 74'C. 
5.1.3.1 The temperature  cycle  shall   be as follows: 
25°C t o  -40°C remain f o r  one hour 
-4O'C t o  74°C remain f o r  one hour 
74°C t o  25°C 
Repeat tho above temperature cycle three times. 
5.1.4 Acceleration shall be in each of three mutually perpendicular 
axes f o r  a duration of three minutes each. 
5.1.4.1 Acceleration shall  be 10 G ' s  k 10% i n  each axis, 
followed 20 G I s  10% i n  each axis. 
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6.0 ELIABILITY LIFE TESTS 
6.1 The r e l i a b i l i t y  l i f e  t e s t  w i l l  cons i s t  of a two  month thermal-vacuum 
test and a s ixteen month continuous operational test. After the thermal- 
vacuum test, t h i s  l a s e r  w i l l  a l s o  be placed on continuous l i f e  tes t  
f o r  s ivteen months. 
6.2  The thermal-vacuum tests s h a l l  be  performed a t  a pressure of 10 t o r r  
o r  below.  The tempera ture  sha l l  be  ra i sed  to  50°C and then reduced to 
O°C in  for ty-f ive minutes  and back t o  50°C in another forty-five minutes.  
This cycle (ninety minute cycle) shall be performed six times pri'or t o  
beginning the sixty day thermal-vacuum t e s t .  
-5 
The l a s e r  w i l l  operate  within specif icat ion limits giv.en in  
Section 4.0. Input power, voltage,  current and TM outputs w i l l  be 
recorded a t  200 20 hours   intervals   during  this   tes t .  
Table 111 shows the OFF-ON cycle  to  be performed during sixty day 
thermal-vacuum t e s t .  
TABLE 111 
THERMAL-VACUUM CYCLE 
- OFF ON TEMPERATURE PRE s SURE DAYS 
" "" 
" " 
x 5 
- - 
0°C t o r r  
X 10 0 oc t o r r  
X 5 50°C t o r r  
X 10 50°C t o r r  
X 5 -0°C t o r r  
X 10 ooc t o r r  
X 5 
x 10 
50 OC 
50 "C 
t o r r  
t o r r  
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6.3 A t  the completion of the sixty day  thermal-vacuum test, t h e  l a s e r  
and power supply  sha l l  be placed on a . s ixteen months continuous 
l i f e  test .  The laser and power supply shal l  be operated within the 
limits of t h e  e lec t r ica l  requirements of this speciflcation. The 
laser performance sha l l  no t  dec l ine  below the following limits: 
" Rel i ab i l i t y   Tes t  Hours Output Power 
0 5 m w  or above 
3 mw o r  above 
10000 2 mw or above 
The laser w i l l  be operated under normal room conditions without any 
coolan t  or  ex ter ia l  fans .  The vo l t ages  app l i ed  to  the  l a se r  fo r  
cycl ing shal l  be those of  the ON or OFF  command signal: The input. 
power, vol tage,  current ,  TM outputs, and other pertaining pararmeters 
w i l l  be  measured a t  500 f: 50 hours intervals.  The other voltages 
w i l l  be maintained and checked pe r iod ica l ly  du r ing  the  l i f e  tes t  
program. 
7.0 DOCUHENTAT I O N  
7.1 Functional t e s t  data  w i l l  be  recorded  from i n i t i a l  tests through l i f e  
test .  This data w i l l  be included as a pa r t  of t he  l a se r  l og  book, 
The log book w i l l  cons is t  of a complete history of the laser and 
power supply. Any va r i a t ion  i n  t e s t  w i l l  be  noted  in  the  log  book. 
7.2 Any fai lure  occurr ing during Phase I1 of  the program w i l l  be docu- 
mented on EDD Failure Report forms. Fa i lure  repor t ing  and analysis  
w i l l  be under the direction of Hughes Electron Dynamics Division 
Re l i ab i l i t y  Manager. This organization w i l l  assure  implementation 
of established procedures which w i l l  require reporting through a 
closed-loop system with documented analysis  of each part  or component 
f a i l u r e  or malfunction occurrence. 
7.3  Progress  reports w i l l  be released periodically documenting the  
resul ts  achieved during the qual i f icat ion and r e l i a b i l i t y  tes t  
program. 
A P P E N D I X  B 
99 
I. INTRODUCTION 
This plan describes a proposed r e l i a b i l i t y  program t o  b e  con- 
ducted during Phase 11 of the  Space Qualified Laser Program. 
The p l an  e s t ab l i shes  an  in t eg ra t ed  r e l i ab i l i t y  e f fo r t  which is 
intended t o  conform t o  t h e  program object ives .  
The program descr ibed herein i s  designed t o  provide (1) e f fec t ive  
planning and management o f  t h e  r e l i a b i l i t y  e f f o r t ,  (2)  assurance 
through a wel l  designed monitoring and evaluation program, and 
(3) def in i t i on  of major r e l i ab i l i t y  eng inee r ing  t a sks  time-phased 
to  the  eng inee r ing  e f fo r t .  
Section I1 descr ibes  the  Hughes Ai rc ra f t  Company r e l i a b i l i t y  
management plan with the organization structure and program 
in te r faces .  
Section I11 o u t l i n c s  t h e  r e l i a b i l i t y  program t a sks  to  be under- 
taken. Emphasis during Phase I1 i s  placed upon an  ana ly t ica l  
evaluat ion of t h e  l a s e r  d e s i g n  r e l i a b i l i t y  and l i fe t ime charac te r -  
i s t i c s .  T h i s  e f f o r t  is  aimed a t  assessment of r e l i a b i l i t y  s t a t u s  
and the el iminat ion of  fa i lure  modes and mechanisms. 
Section IV describes the techniques used to monitor, evaluate 
and r e p o r t  r e l i a b i l i t y  s t a t u s .  These  techniques  allow  implementation 
Of t imely correct ive act ion when poten t ia l  problem a reas  a re  d i s -  
covered. The spec i f i c  items discussed are re l iab i l i ty  assessment ;  
pa r t s  program;  program reviews; supplier monitoring and control ;  
t es t  monitoring and eva lua t ion ;  fa i lure  repor t ing ;  and r e l i a b i l i t y  
documentatcon. 
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. 
11. RELIABILITY MANAGEMEKT 
The l a s e r  program management team includes personnel from funct ional  
departments who have  d i rec t  l ine  access  to  top  d iv is ion  management. 
The development of t he  Space Qualified Laser is  ass igned  to  a program 
manager wi th in  the  Hughes Electron Dynamics Division. Functional organi- 
za t ions  provide  technica l ,  re l iab i l i ty  and quality assurance support  for 
t h e  program. The organiza t iona l  s t ruc ture  and program in te r faces  for  
t h i s  program a r e  shown in Figure 1. 
The bas ic  re l iab i l i ty  phi losophy i s  t o  design the optimum r e l i a b i l i t y  
level into the laser during the developmental  and design program phases. 
These rel iabi l i ty  object ives  are  achieved through close working re la t ion-  
ships  between the design engineers and the cognizant  re l iabi l i ty  engineer .  
The r e l i a b i l i t y  manager s h a l l  d i r e c t  t h e  o v e r a l l  r e l i a b i l i t y  e f f o r t  i n  a n  
e f f ec t ive  manner by time-phasing his area ' s  .activities with those of t he  
design engineers. He has  d i rec t  l ine  access  to  top  d iv is ion  management. 
This type of organization is keyed to the National Aeronautics and Space 
Administration's space programs in  exer t ing  a s t rong  r e l i ab i l i t y  a s su rance  
program. 
Rel iab i l i ty  objec t ives  w i l l  be m e t  through continuous evaluation o f  t h e  
l a s e r  package fron conceptual design to a fu l ly  qua l i f i ed  l a se r  un i t .  
Reliabil i ty assessment w i l l  be performed on a l l  major components t o  optimize 
r e l i ab i l i t y .  Th i s  and other assessments are p a r t  o f  r e l i ab i l i t y  r e spons i -  
b i l i t y  i n  uncovering potential problem areas.  Special  emphasis is being 
placed on components stress levels  and l a s e r  c o n s t r u c t i o n  t o  l o c a l i z e  e a r l y  
in  the  program c r i t i c a l a r e a s  of marginal performance and r e l i a b i l i t y .  
Through a c lose  working relationship between the designers and reliabil i ty 
special is ts ,  proper  appl icat ion of par ts  and mater ia ls  w i l l  be ensured. 
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Fig. 1 .  Abbreviated orgapizational chart showing line responsibilities of personnel anticipated to 
be involved with this program, as well as program organization. 
111. RELIABILITY PROGRAM TASKS 
The fol lowing are  the major  re l iabi l i ty  engineer ing tasks  to  be performed 
during the Phase 11 Space. Qualified Laser Program: 
1. 
2. 
3. 
-4. 
5 .  
6 .  
7. 
Prepare fai lure  modes, e f f e c t s  and c r i t i c a l i t y  a n a l y s i s  based 
upon the evaluat ion of func t iona l  fa i lure  modes and mechanisms, 
wearout c h a r a c t e r i s t i c s  and determine their  effect  upon l a s e r  
r e l i a b i l i t y  and l i f e .  
Prepare rel iabi l i ty  assessment  report  including a r e l i a b i l i t y  
prediction, and operational l ifetime discussion, based upon da ta  
gathered from Phases I and 11. 
Invest igate  mater ia ls  and processes selected for consistency with 
established experience. 
P l a n  and moni tor   qua l i f ica t ion- re l iab i l i ty   t es t   p rogram.  
Review and evaluate results obtained from qua l i f i ca t ion  and r e l i :  
a b i l i t y  tests fo r  a posi t ive o r  negat ive effect  upon r e l i a b i l i t y  
achievement. 
MonitGr, collect ,  process,  analyze,  and recommend correct ive act ion 
on any malfunction which may occur  during qual i f icat ion of the 
integrated laser package. 
Par t ic ipa te  in  informal  HAC/ERC Program Reviews as  requi red  to  
support the program. 
The t a sks  l i s t ed  are i n t e g r a l  t o  t h e  program a c t i v i t y  and c o n s t i t u t e  a basis 
fo r  r e l i ab i l i t y  a s ses smen t  by the project engineer and re l iab i l i ty  engineer .  
This  effor t  fur ther  provides  a timely means-for guiding performance, reli- 
a b i l i t y  and environmental tradeoffs. The procedures  and  assessment  tech- 
niques used a re  out l ined  in  Sec t ion  IV. 
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IV. RELIABILITY PROGRAM 
Th i s  s ec t ion  fu r the r  de t a i l s  t he  r e l i ab i l i t y  program t a sks  fo r  t he  
Space  Qualified Laser Program. The primary  objective is t o  a s ses s  re l i -  
a b i l i t y  s t a t u s  and t o   e f f e c t  program and design improvements which w i l l  
ensure attainment of t h e  r e l i a b i l i t y  and l i fe t ime object ives .  
RELIABILITY ASSESSMENT 
Reliabi l i ty  assessment  w i l l  be  in i t i a t ed  a t  con t r ac t  go-ahead and continue 
throughout the Phase I1 program. Scheduled milestones w i l l  occur a t  key 
points in the  program. The primary r e l i a b i l i t y  assessment a c t i v i t i e s  is- 
clude the preparation of a r e l i a b i l i t y  p r e d i c t i o n ,  a f a i l u r e  modes, e f f e c t s  
and c r i t i ca l i t y  ana lys i s ,  eva lua t ion  of operat ional  l i fe t ime character-  
i s t i c s ,  eva lua t ion  of mater ia ls  and processes, and assessment of t e s t  r e s u l t s .  
Rel iabi l i ty  experience and achievement of s imi l a r  l a se r s  w i l l  be used when- 
ever practical .  The r e s u l t  of these s tudies  w i l l  be a r e l i a b i l i t y  a s s e s s -  
ment report .  
Rel iabi l i ty  assessments  w i l l  be made for  the laser  tube,  i t s  power supplies 
and the integrated laser  uni t .  During Phase I of t h e  program, t h e  i n i t i a l  
reliability assessments have been based upon the conceptual design with 
resul ts  presented a t  t h e  f i n a l  Phase I Program Review. 
Rel iab i l i ty  es t imates  w i l l  cont-lnue through the Phase I1 development cycle  
to  opt imizb  re l iab i l i ty  th rough the  use  of h i g h  r e l i a b i l i t y  ( o r  m i l  spec) 
pa r t s ,  c i r cu i t  and par t  derat ing,  and t o  make design t radeoffs .  Rel iabi l i ty  
predictions w i l l  be  f inal ized for  the qual i f ikd design configurat ion 
u t i l i z ing  mean- t ime-be tween-fa i lure  h is tor ies ,  ac tua l  s t ress  and duty 
f ac to r s  and environmental  stress levels.  
As an important p a r t  of the early system design analysis, the p.roject 
r e l i a b i l i t y  e n g i n e e r  w i l l  develop projected analyses of t h e  l a s e r  t o  
determine the possible failure modes and the  e f f ec t s  of such f a i l u r e s  on 
mission  success.  This  analysis w i l l  u t i l i ze  re l iab i l i ty  log ic  d iagrams 
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to analyze  the  e f fec ts  of var ious fai lure  modes. Conceivable failures, 
which the designer  or  development engineer most familiar with the design 
believes could occur, w i l l  be l i s t e d  on des ign  r e l i ab i l i t y  ana lys i s  forms, 
Accompanying the conceivable failures w i l l  be the ant ic ipated causes ,  the 
s e v e r i t y  and e f f e c t  on performance of each type of f a i lu re ,  i t s  ant ic ipated 
frequency or probability or occurrence and the design and manufacturing 
techniques incorporated to minimize the fai lure  occurrence probabi l i ty .  
Such analyses w i l l  provide the means  whereby an objective look may be taken 
a t  the integrated laser  and i t s  t r u e  f a i l u r e  p o s s i b i l i t i e s  and t h e i r  e f f e c t s  
evaluated. Wearout cha rac t e r i s t i c s  w i l l  be a na tu ra l  outgrowth of t h i s  
analys is. 
An e l e c t r i c a l  s t r e s s  a n a l y s i s  w i l l  determine the s t ress  level  on each 
e l ec t ron ic  component in  the  power supply. The r e l i ab i l i t y  eng inee r  w i l l  
use  MIL-HDBK-217A, "Rel iabi l i ty  Stress  and Failure Rate Data for Electronic 
Equipment," as a g u i d e  f o r  r e l i a b i l i t y  modeling and methods for determining 
operating stress levels .  The s t r e s s  l e v e l  w i l l  be  used in determining the 
f a i l u r e  r a t e  of each  component. The summation  of t hese  f a i lu re  r a t e s  of a l l  
components w i l l  determine the power supply rel iabi l i ty  level .  This  analysis  
w i l l  be part of t h e  r e l i a b i l i t y  documentation package., 
Rel iabi l i ty  assessments  wi3.1'be revised as required by evaluation of each 
design change, and as da ta  from the tests becomes avai lable  indicat ing a 
pos i t ive  or  nega t ive  e f fec t  upon predic ted  re l iab i l i ty .  
PARTS PROGRAM 
A program covering the select ion,  specif icat ion and application review of 
pa r t s  and mater ia ls  w i l l  be implemented dur ing  the  laser  development. 
Hughes places emphasis upon the procurement of parts consistent with the 
design requirements and t o  maintenance of s t r ingen t  con t ro l s  ove r  a l l  pa r t s  
fabricated and procurred. In  t h i s  program, maximum emphasis is placed upon 
approved and space qualified parts and mater ia l s  wi th  c i rcu i t  and pa r t  
derating, and minimum prac t icable  s ty les  of generic component types.  In 
addition, it is  proposed that mil-spec electronic parts incorporated into 
the  Phase I1 lase r s  be processed through Level I1 receiving-inspection 
(Reference  Table I). Additional  pre-conditioning and parameter  screening 
methods, Level I, may be employed for  space f l ight  product ion uni ts  in  
order  to  achieve  u l t ra  h igh  re l iab i l i ty .  It may be noted ' t h a t  Hughes has 
a large number of h igh  re l iab i l i ty  par t s  spec i f ica t ions  which are approved 
by NASA and other agencies for several  space programs (Surveyor, ATS, 
Syncom, In te l sa t ,  e tc . ) .  Par t s  for  the  laser  w i l l  be selected from the 
Hughes l i s t  of proven  space  qualified parts as fa r  as  prac t ica l .  This w i l l  
a l low subst i tut ion of high rel iabi l i ty  screened par ts  for  mil-spec parts 
in  f l ight  product ion hardware. 
The use of non-standard parts w i l l  be discouraged; however, when a s u i t a b l e  
part cannot be found among the Hughes preferred parts l i s t s ,  a non-standard 
par t  will be selected.  A l l  da ta  accumulated on the part  w i l l  be  reviewed 
fo r  app l i cab i l i t y  to  the  des ign  and environment prior to application approval. 
Space qua l i f ica t ion  da ta  w i l l  be collected from the NASA Data Center and 
o the r  s a t e l l i t e  con t r ac to r s .  
Par t s  se lec t ion  w i l l  be governed by Hughes -Electron Dynamics -Division 
Preferred Parts L i s t  which w i l l  be issued t o   d e t a i l   f o r   a l l  program personnel 
the ground rules,  as specif ied in  the Phase I1 contract ,  for  the select ion of 
e l e c t r i c a l  and mechanical parts. This PPL w i l l  be issued by HAC/EDD 
Rel iabi l i ty  Engineer ing at  the beginning of Phase I1 and w i l l  be included as 
a requirement for a l l  procurement documents. 
Hughes Electron Dynamics Division Reliability Engineering w i l l  be  d i rec t ly  
responsible for the.  Amplementation and con t ro l  of the par ts  program. It 
w i l l  maintain an up-to-date approved and qual i f ied par ts  and materials l i s t  
t o  be d i s t r i b u t e d  t o  a l l  d e s i g n  and fabr ica t ion  ac t iv i t ies .  In  the  event  
t h a t  a p a r t  or material  not on t h i s  l i s t  is required, a request for approval 
w i l l  be  submitted to Hughes Reliabil i ty Engineering. Reliabil i ty Engineering 
w i l l  then review and approve all parts, both standard and non-standard. This 
. . " . . ._ . .~ e 
Res is t ors 
Capacitors 
Diodes 
Trans i s  t o r s  
TARLE I 
" TESTING UVELS FOR  SPACE  QUALIFIED  LASER 
LEVEL I 
HIGH RELIARILITY 
Condition with 5 temperature 
cycles and  168 power burn-in. 
Screen on degradation 
c r i te r ia  of AR. 
Condition with 5 temperature 
cycles and high temperature 
b i a s   fo r  168  hours.  Screen 
on degrada t ion  c r i te r ia  of AC, 
Df and AIL or  A$. 
Conditioning 
- Seal Test 
- Accelerate 
- High Temp Storage 
- High Temp Reverse Bias 
- 168 Hrs. Power Burn-in 
Screen in  degradat ion cr i ter ia  
device paramet%rs such a s  
V and I and spec ia l  f 
Trr' c y  vz, Z Z J  e t c *  
Conditionin_g 
Seal Test 
Acceleration 
High Temp Reverse Bias f o r  
48 hours col lec tor  base  
168 hours of power burn-in 
a t  elevated temperature. 
LEVEL I1 KIL-SPEC. PARTS 
DCR Resistance a t  25'C. 
Measure capacitance, 
d i s s ipa t ion  f ac to r  and 
leakage current or 
insulation resistance.  
a11 a t  25OC. 
Measure B f and Vf V' R 
a t  25°C  and perhaps high 
temperature and spec ia l  5 
device parameter V 
'rr' ' g  
Z' zzJ 
Measure I 
'CE(Sat.) ,'BE(sat.) IBvcE03 
BVCBO' 
CBO' %BO' %E' 
and special  device 
parameters. 
Screen on degrada t ion   c r t t e r i a  
f o r  ?ICBO I %BO, %E, 
'CE(Sat.),  'BE(Sat.) BVCEO, 
BVCBO. 
I 
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w i l l  assure maximum use of qua l i f ied  par t s  and w i l l  a l low Rel iab i l i ty  
Engineering t o  make recommendations f o r  a subst i tute  par t  and/or  vendor  
of the  par t .  
PROGRAM REVIEWS 
Informal program reviews w i l l  be held periodically by the  pro jec t  manager t o  
evaluate program s t a t u s  and resolve problem areas.  Personnel from technica l  
areas such as design,  fabr icat ion,  processes ,  mater ia ls ,  re l iabi l i ty  and 
qua l i ty  a re  inv i t ed  to  pa r t i c ipa t e .  The project  engineer  provides  an 
up-to-date synopsis of t he  performance of the laser and reviews  program 
tasks. These reviews assure cognizance of the total program  and timely 
achievement of the overall specification requirements. 
I n  addition, Reliabil i ty Engineering w i l l  p a r t i c i p a t e  i n  program reviews 
which are held with NASA as  requi red  to  reso lve  in te r face  problems and 
provide program v i s i b i l i t y .  
SUPPLIER  MONITORING AND CONTROL 
To assure maximum r e l i a b i l i t y  and quality of purchased parts and materials,  
Hughes' comprehensive program of vendor and subcontractor  select ion,  sur-  
ve i l lance  and inspection w i l l  be implemented. A s  i n  a l l  space programs, 
t he  qua l i t y  h i s to ry  of every s u p p l i e r  is evalu.ated by r e l i a b i l i t y  and 
qua l i ty  representa t ives  of the Electron Dynamics Div is ion  pr ior  to  se lec t ion .  
I n  t h i s  program, suppl ie rs  w i l l  be required to provide Electron Dynamics 
Division with parts, manufacturing and process  vis ibi l i ty  to  ensure maintenance 
o r  r e l i a b i l i t y  and qual i ty  s tandards.  The vendor control program w i l l  be 
implemented and supported by the qual i ty  assurance organizat ion a t  Hughes. 
TEST  MONITORING AYD EVI\LUATION 
Rel iabi l i ty  Engineer ing is d i r ec t ly  r e spons ib l e  fo r  t he  ove ra l l  r e l i ab i l i t y  
evaluation program  and for  ensuring that  the integrated tes't program ade- 
qua te ly  con t r ibu te s  to  r e l i ab i l i t y  assessmen-t and improvement. The re- 
spons ib i l i t i es  des igna ted  to  re l iab i l i ty  personnel  in  the  in tegra ted  tes t  
program encompass the following tasks:  
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1. Incorporat ion  of   re l iabi l i ty   requirements   into the ove ra l l  
test  program. 
2. Analysis  of  tes t  resul ts  to determine  capabili t ies of meeting 
r e l i ab i l i t y  goa l s ,  - and  to  iden t i fy  f a i lu re  modes  and mechanisms. 
3.  Prepare  Qualification-Reliabil i ty Test Program Plan. 
4 .  Schedule and Monitor Qualification and Reliabil i ty Tests.  
5. Revisw and follow-up of fa i lure  analyses  and correct ive act ions 
for t h e i r  e f f e c t  on t h e  r e l i a b i l i t y  s t a t u s .  
The q u a l i f i c a t i o n - r e l i a b i l i t y  t e s t  program is dPsigned to evaluate the 
performznce capab i l i t y  of t he  l a se r  and is d i rec ted  toward iden t i f i ca t ion  
of problem areas  which may not be revealed in the design phase or reli- 
ab i l i t y  eva lua t ions .  A t e s t  report  w:ll  be prepared and submitted to NASA 
a t  the conclusion of t he  program. 
FAILURE REPORTING 
The ef fec t iveness  of t h e  r e l i a b i l i t y  and q u a l l t y  e f f o r t  w i l l  be enhanced 
by implementation of the  Hughes failure reporting system encompassing 
recording, collection, analysis,  reporting, and correct ive act ion with 
monitoring to ensure follow through. 
Fai lure  report ing wil l .  be  under  the direct ion of the Hughes Electron Dynamics 
Div is ion  Rel iab i l i ty  Manager. H e  w i l l  assure implementation of established 
procedures which wi.11 reqxire  fa i lure  report ing through a closed loop system 
with documented ana lys i s  of  each part or component fa i lure  or  malfunct ion 
occurrence. 
REXIABILITY 30CUMEKTATION 
R e l i a b i l i t y  docllmentation w i l l  be i n  accordance with the requirements of t he  
purchase  specification.  Specific  reliabil i ty  documentation  proposed  includes:  
1. R e l i a b i l i t y  Assessment  Report 
2 .  Qualif icat ion-Rel iabi l i ty  Test Plan 
3. Qualif icat ion-Rel iabi l i ty  Test Report 
Progress w i l l  be reported per€odically as app l i cab le  to  the  pa r t i cu la r  program 
phase as part of ths regular engineering progress reports. 
1.0 9 
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1.0 INTRODUCTION 
1.1 General_ 
The provlsions herein are  the basic, operating methods and d i sc ip l ines  
used by Hughes Electron Dynamics Division (EDD) which are compatible 
with NPC 200-3. 
2.0 BASIC REQUTREMENTS 
2.1  General 
Qua l i ty  Assu rance  ac t iv i t i e s  a re  planned and performed in  conjunct ion  
with engineering, fabrication, and other  funct ions in  a manner t h a t  
w i l l  assure the continuous maintenance of quality requirements through- 
out a l l  phases of development and fabricat ion,  
2.2 Change Control 
2.2.1 " Pr in t s  - Engineering w i l l  con t ro l   t he   r e l ease  and changes t o  
engineering requirements i n  accordance with Division Operaticn 
Procedures.  Print  relezse.wil1  be  through  the  Engineering 
Change Control Center and w i l l  i nc lude  d i s t r ibu t ion  to  appropr i a t e  
points  avai lable  to  fabr icat ion s t .a . t ions,  inspect ion s ta t ions,  and 
the  cont ro l  po in t  d i s t r ibu t ion  l ist .  Obsolete data w i l l  be des- 
troyed a t  t h e  p o i n t  of change e f f e c t i v i t y  3y holders of controlled 
prints.   Quality  Assurance w i l l  r ev ise  qua l i ty  ins t ruc t ions  t o  
inc lude  the  changes  pr ior  to  the i r  e f fec t iv i ty ;  and assure com- 
pliance  with  changes a 
2.2.2 " Effec t iv i ty  - New par t  numbers w i l l  be  assigned when engineerlng 
changes a f fec t  in te rchangeabi l i ty .  
Quality Assurance w i l l  assure incorporation of changes a t  t h e  
spec i f i c  e f f ec t iv i ty  po in t s .  
3 .O DESIGN AND DEVELOPMENT 
3.1 Drawing and Spec i f   i c a t i o n  Review 
3.1.1 Qual i ty  Assurance shal l  participate at  regular ly  scheduled 
program reviews. O f  primary  concern will be those items whlch 
determine or control the quali ty of purchased or HAC/EDD produced 
r 
material  such as: a) Re l i eb i l i t y ;  b) Cri t ica l   qua l i ty   charac te r -  
i s t i c s ;  c )  Pecul iar  tes t  or  inspect ion methods:  and d) Tolerances. 
4.0 PROCURED MATERIAL 
4.1 
4.2 
4 .3  
4.4 
Procurement Documents 
A l l  purchase orders issued w i l l  be screened by the Quality Engineering 
sec t ion  to assure compliance with specification requirements. Procure- 
ment w i l l  be from those sonrces on the approved suppl ier  l i s t .  
_-__ Selection  of  Procurement Sources 
4.2.1 General - Quality Assurance Engineering w i l l  par t ic ipa te  dur ing  
supplier survey operations,  Surveys w i l l  be  conducted  for  those 
suppliers that  are not already approved. 
4.2.2 Records - Quality  Assurance w i l l  maintain records necessary for 
e s t ab l i sh ing  and maintaining a quali ty history for each sub- 
contractor  and supplier in accordance with standard evaluation 
and rating procedure. 
KAC/EDD " Source  Inspection 
When i t  i s  not  feasible  to  determine Qual i ty  c.onformance upon receipt ,  
HAC/EDD w i l l  u t i l ize  source inspect ion.  
Government Source Inspection 
Government Source Inspection for those items specified in the contract 
s h a l l  be required on HAC/EDD procurement documents where the require-  
ment i s  applicable.  
5.0 INSPECTION AND TEST 
5.1  Receiving  Inspection 
Receiving Inspection will have al l  the necessary inspect ion and t e s t  
equipment,  drawings, specifications,   catalogs,   processes,  etc., ava i l -  
ab le  in  order  to  per form i t s  operation upon r ece ip t  of t h e  item. 
5.1.1 Characteristics inspected w i l l  be verified in accordance with 
appl icable  drawings,, specif icat ions,  EDD processes, o r  procedures. 
Items not confonning 2re t o  be re fer red  to  the  Mater ia l s  Review 
Board. 
5.1.2 Raw mater ia l  w i l l  be chemically and physically analyzed as 
required. 
113 
5.1.3 Adequate t x t h d s  and f a c i l i t i e s  f o r  controll.ir~g the handling 
and storage of rax and. fabr icated mater ia l  vlll be ut i l ized,  
5.2 Engineering  drawings and spec i f ica t ions  will b e  u t i l i z e d  a s  p r i ~ r ~ n r y  
cr i ter ia  for  determining product  conformance. Additional wrtttell 
inspect ion and tes t  procedures will be prov,ided for determining product 
conformance.  These  documents and s t a d a r d s  s h a l l  be  ava i l ab le  to  a l l  
personnel responsible f o r  fabrication, assembly, inspection and tes t .  
5.3 Qualif icat ion  Test  PL?cedure 
A qua l i f i ca t ion  tes t  procedure w i l l  be prepared and include the 
following: 
A. Art i c l e   i den t i f i ca t ion  
B. Test equipment block diagrams 
C. Special  environmental  conditions that must be  maintained 
D. Cri ter ia   for   determining conformance o r  r e j e c t i o n  
6.0 NONCONFORMING MATERIAL 
6.1  Material Review 
"" 
Art i c l e s  and /o r  mte r i a l s  which do  not conform t o  drawings, specffica- 
t i ons  or contractual requirements,  shall  be. submttted to a forma!. 
Material  Review Board for  considerat ion and disposi t ion.  
6.2 Control - of  Nonconforming Mater la l  
Quality Assurance w i l l  provide for the segregati-on m d  ident i f icat i .on 
of defective Erticles.  Disposit i .ons by the  MRB s h a l l  be  c lear ly  
documented, cne copy retained on f i l e  aad one s h a l l  accarnpany t h c  a r t i c l e .  
7.0 INSPECTION, ME'ASURING AN? TEST EQUIPPENT 
7 .1  Genera 1 
The EDD system fo r  t he  ca l ib ra t ion ,  maintenance, and coctrol  of  inspect ion 
and t e s t  rneasurini equipmci-it used t o  deteml'ne confo'rmance with specif i -  
ca t ions  and contract requirements meets the requirements of MIL-C-45662.~. 
8,O SNSPECTION STAMPS_ 
8.1 General 
The EDD qua l i t y  stamp control system provides for control, issuance, 
t r a c e a b i l i t y  and usage of inspection stamps. 
9.0. P R I . ~ S E K ' ~ ~ . T I @ ? : , - - ~ ~ ~ C ~ ~ ~ - ~ ' - ~  A3.D SI.LLFPIX~ 
9.1 Packaging  and  Shipping 
9.1.1 Packaging - Packagiag requirenents w i l l  be defined in a manner 
which will assure the prevention of damage, de t e r io ra t ion  o r  
corrosion of t h e  i t e m  during the packaged s t a t e ,  TKe method 
of packaging sha l l  bc  as defined by engineering specification. 
9.1.2 Shipping - Packaged ar t ic les  will be  ident i f ied  and marked in 
accordance  wfth  applicable  pracedures and spec i f ica t ions ,  Ln 
the absence of packaging and marking requirements i n  the contract ,  
packing and marking shall  conply with I C C  ru les  and regulations 
and sha l .1  ensure  safe  a r r iva l  and ready  ident i f ica t ion  a t  
destination. 
10.0 " SAMPLING INSPECTION 
10.1 Sampling Inspection Plans 
Sampling Inspect ion shal l  be in  accordance with Mil i tary Sampling Plans. 
11.0 QUAI,LTY DATA AND COXRECTIVX ACTION 
11.1 QualLty Data 
Qual i ty  da ta  i s  maintained through the use of rccorcls of inspections 
and tests performed during the fabricati.on and assembly prccesses.  
The records w i l l  provide evidence that the required inspct. ions and 
tests have  been  performed.  These  records w i l l  i n d i c a t e  p a r t  o r  a r t i c l e  
ident i f ica t ion ,  the  inspec t ion  or t e s t  involved, quantity of items 
conforming and nonconforming, and the  na tu re  and d i spos i t i on  of defects.  
11 .2  Corrective Action 
Qual i ty  data  w i l l  be continually analyze$. and investigations conducted 
as necessary t o  correct discrepancies.  Corrective action w i l l  be 
t imely to prevent recurrance of the discrepancies .  
12.0 AUDIT OF QUALIlY  PERFORMANCE 
12.1 Performance of Audits 
Audits of the adequacy of quality procedures, inspection, tests and 
process controls w i l l  be performed on a scheduled basis by an impart ia l  
team of quali ty supervisors and/or quali ty engineers.  
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